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:S | 
The Right Honourable 
The Lord Burli 7 yn 


MY LORD. k 


HE original philoſophical 1 Wri- 
2 tings of the Honourable Mr. Boyle, 
are a treaſure worthy the cabinets of 
princes; and, perhaps, the moſt valu- 
able preſent of that kind the world 
ever received. If my ſucceſs in abridg- 
ing them be anſwerable to my wiſhes, 
and the pains beſtow'd in the attempt, 
I preſume they will not, in this form, 
diſhonour their noble author; nor 
prove unworthy the countenance and 
acceptance of your Lordſhip. At leaſt 
I perſuade my ſelf it were injurious 
not to addreſs the work to the noble 

family 
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The DEDICATION: 


family of the Bqler, whereto the ties 
of nature, as well as affinity of genius. 
taſte, and other qualifications ſhared in 


common with the great author, direct 
me. 


May it. therefore, pleaſe your Lord- 
ſhip, to permit this firſt Volume of the 
Abridgment to bear your Lordſhip's 
name ; whereby freſh honour will be 

derived to the noble author of the 
originals- and, in return, your Lord- 

"ſhip's character be ſet in open view; 
: fnce the works of Mr. Boyle confeſs the 

genius, taſte, and temper! 10 Happily 
united in your Lap. 7 


dee e 
ni oM Lok py 
uur Lordſhip moll humble, 
| moit obedient, 
Ad mob devoted Servant, 


Peter Shaw. 
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A GENERAL 


F To THE 


Abridgment of Mr. BOYL Es 


Philolophical Works. 


HE philoſophical writings of Mr. Boyle have, from their 
firſs appearing in public, done an honour to bis , 
and procured him a general efteem in the world. The 
novelty, the variety, the dignity, and the uſefulneſs of the ſe- 
veral ſubjects he treats, with the eaſy and familiar manner 
3 wherein they are handled, recommend his performances to the 
; '  wwhole body of mankind: Mr. Boyle accommodates himſelf as 
4 well to the unlearned and the novice, as to the philoſopher and 
_ the ſcholar ; his whole ſcope and deſign being, with the utmoſt 
candour and ſimplicity, to communicate thoſe numerous and 
important diſcoveries, which cofs him infinite pains and appli- 
cation to make. 8 
On the other hand, as Mr. Boyle was the introducer, or, 
at leaſt, the great reſtorer of mechanical philoſophy among ur; 
ſo, by endeavouring to deliver himſelf in the moſt full and cir- 
cumſtantial manner about it, he has ſpun out his works to what, 
new that philoſophy is more generally knozwn, ar an immo- 
derate length. His numerous pieces too being all publiſb d occa- 
ſionally, and in a miſcellaneous manner, tis a matter of ſome 
difficulty to reduce them to an order fit fir a ready and com- 
modious peruſal. Whence it is, that few having been at the 
Vol. a pains 
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ii General Preface 
dy bis excellent 
EC 


pains to collect, methodize, and regularly ft oy s EXC 
writings as they require, the value Jet upon them, tho" great 
indeed and general, falls vaftly ſhort of what they merit; pro- 
ceeding rather from the report of here and there a diligent 
man, than from any perſonal and actual knowledge, that the 

neralily, even of philoſophers, had of them. But thoſe who 
I es been moſs congerſant with Mr. Boyle, agree, that no 
guthor defſervas better of mankind, or merits ta be more gene- 

rally read, than he. And, in order to procure him this general 

peruſal, as nothing ſeem'd more conducive than to digeſt and 

contratt his works into a juſt and regular abridgment, I was 
requeſted to attempt. one. For, notwithſtanding the Epitome of 
Mr. Boulton, a well digeſted, and compendicus collettion of all 
Mr. Boyle's. phileſopbical writings, .. has been generally wiſh'd 
for, and declared, by unexcepticnable judges, to be greatly 
wanting. Twas the opinion of ſuch that principally deter- 
mined me to the undertaking ; and 1 ſhall think my. labour well 
beſtowed, ra hau acquitted my ſeif in it with their approbation. 

Tie deſien f an abridgment, I conceive, is clearly to exhibit 
the whoſe ſubſtance of an author, without admitting any thing 


erfluous. | 
Ho far I have anſwer d this end, in abridging the phile- 
ſophical works of Mr. Boyle, is not for me to determine. It 
will be embedded, howecer, that I give ſome account of my pro- 
Mr. Boyle's philoſophical writings appearing to be a miſcel- 
=. Auny of eſſays, upon a great variety of ſubjefts, it was judg'd 
| convenient, in the firft place, ſeverally to reduce them under the 
reſpective general heads whereto they naturally belong'd ; whence 
the ſcope and defign of © each” ſeparate piece, might preſently 
become conſpicuous ; and the ſenſe and tendency of the whole, 
thus rang d, be the better judg d of. 8 
A further advantage, I preſumed, muſt accrue from placing 
them in ſuch a manner, that thoſe whith' were introduttery or 
fundamental, might ſtand firſt, and prepare the way: for the 
1 reſt ; and that all might naturally follow, mutually illuſtrate, 
| and, as much as poſſuble, prove,” confirm, and lead to each 
. ether. To this end, likewiſe, it was found. abſolutely neceſſary 
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General Preface. 
70 reftify numerous diſlocations ; to bring all Addenda and inſer- 
tions into their * as places; and ſo to diſpoſe and marſhal 
the ſeveral ſcatter'd articles relating to the ſame ſubjett, that 
they ſhould together tend to compoſe one reguiar whole. But 
as Mr. Boyle never deſign'd to write a body of philoſophy, cnly 
zo beſtow occaſtenal eſſays on thoſe ſubjetts wherero his genius 
or inclination led him ; tis not to be expetted, that even the 
moſt exquiſite arrangement, ſhould ever reduce them to a me- 
t hodical and uniform fyſtem, tho they afford abundant mate- 
rials for one. by 

In the next place, obſerving that Mr. Boyle's manner was, 
ceremoniouſly to addreſs particular pieces to particular per- 
ſons ; to uſe large preparatory diſcourſes, before he enter d upon 
his deſign; and always to write in a copious, diffuſive, and 
circumſtantial ſtyle; I determin d to keave out in the abridg- 


ment whatever was merely perſonal, er had no relation to the 


argument; and to contract his words jnto as ſmall a compaſs 
as appear d conſiſtent with the perſpicuity requiſite in phile- 
Ker writings. And I ſhould be ſorry that any perſon, 
tho a ſtranger to Mr. Boyle's diſcoveries, or the modern philo- 
ſophy, ſhould not, by the proper application, fully underſtand 
his dbctrine in the abridgment ; or not be enabled by it to go 
through all his experiments, proceſſes, and operations, in the 
cery manner wherein himſelf delivers them. 

Aud becauſe ſome exceptions have been taken to Mr. Boyle's 


originals, on account of the paſſages that frequently occur in 


different languages from that wherein he wrote, and the 
quaint, antiquated, or uncouth expreſſions he ſ'metimes uſes ; 
it ſeem'd convenient to make him wholly Engliſh ; to threw 
out the harſher words and phraſes ; and ſo far to alter the 
ſiyle, that it ſhould nit (gend a merely philſophical ear : and 
to do more, in this reſpett, was deem'd an unneceſſary labour. 
For, as I was all along to preſerce the ſenſe of the author 
pure from any foreign turn or tintture, it ſcemd miſt expe- 
dient to employ his very words, wherever they appeared conciſe, 
expreſſive, and unexceptionable. 

And theſe are the views ] had, with regard to the author, 


in this undertaking. . £3 
a 2 Having 


it 
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General Preface. 
Having now reduced Mr. Boyle's philgſapbical works under 


Aiſtinti general heads, I judg d it would be acceptable, if to 


each were prefix d ſome ſhort account of the dotirine rang d 
under it; that the reader might come a little prepared to the 
conſideration thereof. | 

And to render this abridement the more uſeful and ſatis- 
factory, it was judg'd parker, x to add, by way of notes, the 
later diſcoveries and improvements, in the principal ſubjetts 
treated of by Mr. Boyle. Tas far from my deſign in this, 
to write a comment upon the author; that were a work for 
ſome great maſter in natural and experimental knowledge. Con- 
ſcious of my own inabilities, I deſian d no more than to transfer 
from the great Sir Iſaac Newton, and ſome few other eminent 
and ſucceſsful inquirers into nature, ſuch particulars as tend- 
ed to illuftrate, confirm, or improve, the dofirine and diſco- 
erties of Mr. Boyle. 

What flands collected from various pieces of our author, and 
thrown together by way of Horne preface to his philoſophical 
writings, will render it needleſs for me to enter into the parti- 
cular nature, method, and deſign of them; or to anſwer the 
objeftions whereto they may ſeem liable : all this is there done 
by the author himſelf, in a manner ſuperior to any I pretend 
zo. I ſhall, therefore, only obſerve farther, as to my own part, 
that IT have, thro the whole courſe of the work, conſulted the 
advantage of the reader, as well as the reputation of Mr. Boyle. 
Tic an equal regard to both, that here determines me to 
dwell a little upon the excellencies of the author; and the ad- 
wantages to be reap d from a peruſal of his works. 

Mr. Boyle takes up his reader at the elements, or funda- 
mental principles of things, and with exquiſite judgment con- 
autts him thro all the regions of nature, to furniſh him with 
objetts, whereon to exerciſe his faculties; and, being firſt ſol- 
licitous to make him a general philoſopher, leaves him pre- 
pared for any farther inquiry he ſhall think fit to make, 
into the works. of nature or art. 

The beſt and only ſolid foundation for philoſophy, is its uſe- 


_ Fulneſs to mankind ; and the only way to gain it the reputation 


#t deſerves, muſt be to manifeſt the great advantages 8 
| nd - 


General ' Preface. 

attend the ſtudy thereof. Mr. Boyle has been every where care- 
ful to ſhew, that nothing can be more ſerviceable and beneficial 
in life, than experimental philoſophy in general. The men of 
wit and learning have, in all ages, bufied themſelves in explain- 
ing nature by words ; but it is Mr. Boyle alone, who has wholly 
laid himſelf out in ſhewing philoſophy in action. The ſingle 
point he perpetually keeps in view, is to render his reader not 
a talkative, or a ſpeculative, but an attual and practical phi- 
hoſopher. Himſelf ſets the example : he made all the experi- 
ments he poſſibly could upon natural bodies, and communicates 
them with all defirable candour and fidelity. 

He well knew, that experiments are the life and ſoul of natu- 
ral knowledge ; and that no real improvement can therein be 
made without them. T he framing of notions, and deviſing of 
ſchemes, may make a notional or ideal philoſopher ; but experi- 
ments alone, or the dealing with natural bodics, and applying 
them to cach other, can make a real and attual one. Mr. 
Boyle has left us ſuch an ample catalogue of trials, in all the 
parts of natural philoſophy, and ſuch foundations for farther 
diſcoveries, as can only be fully proſecuted and applied by the 
Boyles and the Newtons of future ages. | 

To the want of proper experiments, and the taſte for read- 
ing and making them, muſt be attributed all our ignorance in 
natural things. What light has Mr. Boyle let into the dark 
parts of nature, barely by means of experiments! The foun- 
dation and main ſpring of his whole philoſophy, is the obvious 
art of experimenting. But he was very far from deoifing 
and making experiments, in order to confirm or eſtabliſh a 
ſyſtem, raiſed -withiout the help of them ; for in that caſe, tas 
his opinion, the greateſt advantage is laſt, which might other- 
wiſe attend them. A man wholly poſſeſſed with any one view 
fees all things in the light of it; and lights whatever, at firſt 
fight, appears to have no tendency thereto. Thus the ancient, 
and ſome modern chymiſts, intent and fixed upon the meliora- 
tion of metals, or tranſmutation, loſt all the benefits of that 
infinite number of experiments they made, except what tended 
to their darling end. But if the mind be kept entirely open and 
diſengaged, every phenomenon will be obſerved, And this _ 
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vi General Preface. 
* Mr. Boyle's mauner of proceeding. Nay, after he had gone the 
reateſt lengths he was able, he draws no dagmatical concluſions 
from his. premiſes.;. well knowing, that the great  diſcoucries 
fall remaining to be made, may happen to claſh with, or over- 
turn any. ſyſtem, that, for want of light, might once appear 
rational and well founded. The generality of mankind. are in 1 
paſt-haſte to dra concluſcons, before they have conſider d the 4 
premiſes ; and. uſually determine off-hand upon a ſubjeft: but 4 
Mr. Boyle, after. having well pouder'd bis experiments. and x 
obſercations, and view d them on. all ſides, with their ſeceral 
Circumſtances, is exceeding cautions in reaſouing from them. 
He never raiſes an bypotheſis to ſolve phenomena; but if the 
ſoluticn. dees nit of it ſelf grow out of them, when attenticely 
conſider d, he leaves all as he fouud it; and waits for farther 
Giſcoocries to inform him. This practice, as it commands our 
.admiraticn, on account of its dificulty ; ſo it highly deſerves to 
be imitated, on account of its uſefulneſs. 

T he buſineſs of experimenting he reſtrains not to any parti- 
cular branch of ſcience ; but applies it, in full latitude, to all the 
elements, and all the bodies they mix with, or go to compoſe, 
The air, earth. fire and water, all are ſcrutiniz'd and tortured 
by experiments, to confeſs their natures, «fces, uſes, and the 
wiſdom and deſien if their creation. 'Tis by this means that 
he ſhews us cry various and. ſurprizing properties and ec is 
of. that. familiar fluid, the air or atmoſphere; what numerous 
broods of ejiuvia float therein ; bow different bodies are affett- 
ed by it, according to their different diſpoſitions ; its nſes to 
the weeetable, animal, and mineral kingdom; bote, like an 
immenſe oceau'of a general menſtruum, it ads variouſly upon 
all the bodies it ſurrounds, as different combinations of efluvia 
take their turns therein; whence numberleſs, unforeſeen diſor- 
ders in the animal economy, and ten thouſand effects upon 
even inanimate bodies, which to vulgar eyes appear aſtoniſhing 
and unaccountable. 'Tis by this means, that he ſhews an 
explains, how the vaſt body of the earth is continually. ſending 
out her expirations into the atmoſphere, and. feeding vegetables 
from her ſuperficial parts; whilſt innumerable operations and 
chymical proceſſes, are carrying on in her entrails ; metals 
6 - forming, 
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ming, fvurr growing,” miners mixing; funting; ſubliming, 
fring, . c. "Fire," that grand myſtery of nature,” he 
thus brings us acquainted with, whether ſolar, ftellar, calinary, 
ubterranead, or artificial, by finding ut its varions gots and 
oper ations upon bodies expoſed 70 it and ſhows us, that by rari- 
fring their parte, ming with rbem, lodging it ſelf therein, 
altering their texrure, increafing' their gravity, and giving new 
modifications to the matter of them, it produces ten thouſand 
varieties, and all the gualities and operations in natural bo- 
dies." The element "of 5 . in — manner, de- 
cribing its properties, effects, the various forms it may 
— in abe different places, as the air, the earth, and 
even in conſiſtent or the hardeſt of bodies, wherein tis found ; tra- 
cing it from the clouds and rivers to the deepeſt ſeas, whoſe 
produttions and contealed treaſures, he, by experiment; lays - 
open. He traces animals of all kinds, from their firſt ſenſible 
magnitude, to their full erowth; and applies his experiments . 
to them in every ſtage ; whereby he ſhews us the firſt begin- 
nings and increaſe of life ; the ways whereby it may be reſtored, 
after it ſeems wholly to have left the body ; that all living 
creatures are actual machines, ſo wiſely contrived and (et 
toget her, that their parts ſeroe various purprſes at once, with- 
out. interfering with one another; that the loſs of limbs in 
animals, is net abſolutely irreparab/e; that ſome may long 
ſurvive the wint of their hearts and heads, and even propa- 
gate their ſpecies without them. In the vegetable kingdom, he 
hero us the riſe and increaſe of trees and plants from water ; 
the means of forwarding their erowth, and makings them fruit- 
ful; with the ways of preparing, improving, and preſerving their 
proautts, und the varions liguors they may be brought to afford. 
And in the mineral kinzdom, he inſtrutt us how all tony, me- 
talline, and terreſtrial bodies are formd, grow, and ripen ; 
ſhews ns the ſteps that nature takes, in the ſeveral proceſſes for 
their preparation; from what original matter they all ſpring ; 
how' gems afſomilate, concrete, and harden; whence metals 
of all kinds; whence the ruby flames, the diumond fpar- 
kles, and gold obtains its lovely qualities. In ſhort, he thus 
leads his reader thro all the elements, and all the kingdoms in 
wo Hate; 


General Preface. 
nature; ſets to view and examines. the ſeveral combinations. 
creatures, and produftions of them; their properties, powers, 
virtues, uſes, ways of working, &c. and this in the moſt in- 


flruftive and entertaining manner. He. ſhews us, that we in- 


habit a much wiſer, and better regulated, a more attive and 
inſtruftive world, than is generally ſuppoſed ; he makes us ob. 
[eree, that all the bodies around us are inceſſantly in action, and 
their parts in conſtant motion; that nature is perpetually carrying 
en her otun grand ſchemes and defigns, whether we regard them 
or not; that even our own bodies are, every moment, atted 
upon, affetted, alter d, and reſtored, by a vaft variety of agents, 
which'zwe little dream of. He does not barely amuſe us with 
uotions and ſpeculations, but lays before us, and makes us ſee 
the important works of nature, wherein 2 and all we 
Poeſs, are nearly intereſted and concerned. Mr. Boyle calls 
out a thouſand latent qualities in the air; a thouſand uſeſul 
ſubſtances from the bozwels of the earth, and the depth of the 
fea. He greatly opens and dilates the mind; gives us noble 
and generous thoughts of nature, and of our own abilities; mani- 
feſts that even deſperate things may be attempted ewith ſucceſs ; 
and ſhews no quarter to the lazy, indolont temper of thoſe, who, 


from ſhallow notions, and a want of having ſcen the powers in 


natural bodies, are for diſcouraging all new and grand under- 
takings; and _ the knowledge of the philoſopher, with all 
the freedom and addreſs of the gentleman ; he renders the moſt 


daring projetts promiſing and advantagious. He will never 


allow us to conſider the world as a rude heap of dull, inactive 
matter ; but convinces us, that it is a grand and noble machine, 
continually attuated, inform d, and govern'd by a moſt wiſe and 
beneficent Being, who keeps all the parts thereof in motion, and 
makes them alt upon one another according to certain laws ; 
then bringing us acquainted with theſe laws, he enables to make 
uſe of the ſame ſtratagems and contrivances, which nature 
her ſelf employs; which, ſurely, are capable of performing 
the gre things, when rightly applied; that is, when 
apphed as Mr. Boyle, by' his own example and experience 
irects us. But he ſhews alſo, that in order to make the mo 

advantagious uſe of theſe powers, a general knowledge of nature 

is 
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is required. Without large and comprehenſive tiews ; without 
being well verſed in mechanical arts, and the ſceeral branches 
of natural knowledge, ſo as to make one aſſiſting to another, 
and all, in their turn, conſpire to the ſame ena, Mr. Boyle en- 
courages no man to be a projector. 

He is particularly cautious to guard his reader azainff 
every operation, that might any way prove dangerous or hurt- 
ful ; and to prevent bis impoſing upon himſeff by any ſuperficial 
obſervation, any fallacious or contingent experiment, whether 
made in his own perſon, or deliver d by others. So much the 
more afflitting is it to find, that he ſhou'd Bimſelf be charged 
with having attributed too much to the peer of nature and 
art ; and to have cafe credited uncertain accounts of things 
uncommon and extraordinary. Jn this particular I hes leave to 
diſſent from the general opinion which has crept abroad of Mr. 
Boyle. From an attentive peruſal of his admirable writings, 
I muſt, in juſtice to his memory; declare, that, in general, no 
author 8 to have been more inquifitive into the founda- 
tions and evidence of the narratives he receives from others ; 
or to have - ſhewn greater ſagacisy and induſtry in diſcovering 
their weak ſides; always frankly propoſing them, as he re- 
ceie'd them, to be confirmd or overthrown, by farther ſearch, 
and future diligence. And, for proof of this, 1 appeal to the 
manner wherein he delivers bimſelf, upon what are, or were 
efteem'd the moſt exceptionable things in his writings : the 

ecific virtue of the Peruvian bark, rue-leaved whitlow zra(s, 
Ens Veneris, Oſteocolla, h Ens Primum of baulm, Butler's 
fone, the (ſympathetic powder, the weapon-ſalve, the alkaheft 
of Paracelſus, the virgula divina, the tranſmutation of metals, 
projection, or the philoſopher's ftone, &c. and defire he may 
herein be compared with the moſt appreced and judicious 
authors, who have treated of the virtues of remedies, the 
ſecrets in chymiſtry, and the powers of nature, No doubt 
Mr. Boyle may appear to give more into the belief of ſome .. ex- 
traordinary things than the vulgar, or perſons unacquainted 
with experimental philoſophy, and the immenſe pœvers and 
ſtrange operations of nature and art ; but the queſtion is, whe- 
ther he has here gone farther _ his evidence carried = 


General Preface 


He alſo relates, upon his own kncewledge, many things vers 
aſtoniſhing and incredible, to minds unprepared, by philoſophy, 
to entertain them. But Mr. Boyle was ſo happy, as to have 
ſeen, with his own eyes, much more of the powers of nature 
and art, than can eaſily be imagind. Tf we conſider the 
numerous phenomena, which, in a very long ſeries of wears, 
ſpent upon natural inquiries, moſt of them ſucceſsful, muſt have 
been preſented him, by the proceſſes of his laboratory, the ex- 
periments of his pneumatic = his mechanical, optical, 


hydroftatical, and all other kinds of trials; the correſpondence 


he happily cultivated with the whole learned world ; and par- 


ticularly with the chymiſts of all nations; the various ſecrets: 
he purpoſely kept to exehange for theirs; and the conſtant 
practice he made of doing this; we ſhall ſee reaſon enongh to 
perſuade us, that he might well be enabled to deliver things 
that ſhould ſound odd, ſtrange, and ſhocking to cugar ears. 
To render the moſt innecent nid poiſonons, without alteri 

their colour, tafte, ſmell, cr any obvious quality; utterly to 1 


the hand-writing in a ſbect of paper or - parchment, without 


at all unfitting either for ink; to mate a baſe metal paſs 
even upon goldſmiths, for gold; not to mention the more ſur- 
prizing and ſhocking experiments of the like flamp ; are things 
that can hardly be thought poſſible, or pratticable by the oulgar ; 
yet ſome chymical philoſophers cou'd perform them with eaſe. 
But there are ſome philoſophers, and even chymiſts, who, if 
on ſhould tell them that Mr. Boyle had a certain liquor, 
zwherewith he cou'd convert gold into fileer ; they would beg to 
be excuſed believing ſo firange a thing: and why ? but becauſe 
they never ſaw the like perform; and had tied tbemſelves 
down to a narrow ſtrait-laced philoſophy, that would 7 


them to look abroad, into what nature and art can produce. 
But if Mr. Boyle has attually done the thing; and others, 
men of veracity, have aſſured bim they had done it too; is he 
credulous for believing it? T hoſe rather were ſo, who, without 

ſufficient evidence, raſhly concluded the thing impratticable. 
Since Mr. Boyle aſſures us, and gives us ſufficient grounds to 
believe, that be has render d ſileer, gold, fixed alkalies, &c. 
eolatile ; converted acids into alkalies ; produced light ny a 
- 
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deſpicable dark ſubſtance ; immediately reftored fetid,and corrupted 
water, by precipitating from it a ſubſtance not fetid ; diſſolved 
the hardeft bodies by innocent and potable liquors, without 
heat; produced cold by a mixture of warm bodies ; heat by 
a mixture of cold ones; warmd cold liquors by ice; in- 
ftantly froze ſpirit of wine; converted that ſpirit into water ; 
water and fixed alkalies into earth; and perform'd numberleſs 
other furprizing things, that appear as ſo many contradittions 
among the unskilful ; may he not, with good reaſon, ſpeak of 
them as feaſible, and proper to be tried by others? or may he 
not, upon the ſtrength of human teſtimony ; upon the relation of 
his friends and acquaintance, believe that other men have 
done the ſame, or even greater things than theſe ; tho himſelf 
was not an eye witneſs of them? If, after having made his 
liquid phoſphorus in England, he ſhould be aſſured that another 
chymiſi had made a ſolid one in Germany; if, after having 
invented his air-pump, he ſhould have heard, that many 
unſuſpefted diſcoveries were made by means of it; if having 
converted gold into ſilver, eye-witnefſes ſhould inform him, that 
filver has been converted into gold; or if having bimſeff pre- 
pared a menſtruum, almoſt as ſtrange as the alkaheft; could 
he be reproached with credulity, for belicoing, that Paracelſus, 
or Helmont, might poſſibly poſſeſs it in greater perfection; or 
that the other things were done by others? This, ſurely, is not 
unphilhſophical, or irrational. Mr. Boyle was too wiſe to ſet 
any bounds to nature; he was not forward to ſay, that every 
ferange thing muſt needs be impoſſible, becauſe he ſaw ſtrange 
things every day; tho he akvays acknowledges, and it was a 
common ſayings with him, that © thoſe who had ſeen them, 
* might better believe them, than thoſe who had not.” He 
modeſtly thought, that all we have to do is, to keep our eyes 
open, and expect what nature and art will, upon due applica- 
tion, perform. He was well aware, that there are powerful 
agents in the world, whoſe laws, and manner of atting, we 
want to be acquainted with. A man of a different caſt, or an 
ignorant Indian, who had never look'd abroad, and ſeen the 
common phenomena, would [ſcarce credit the moſt faithful and 
exatt relation that could poſſibly be made him, of the a 
a 
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and ces of the load-ftone, or of gun-powder, by perſons. of 
the greateſt veracity. But his ignorance alone is the cauſe of 
this incredulity. Propoſe the ſame things to a man who never 
heard of gun-powder,- or the loadſtone, but is otherwiſe a 
general philoſopher ; and he will readily and thankfully yield 
his aſſent, and ſollicit 2 to ſhew him the experiments. 
This we may. certainly depend upon, what Mr. Boyle delivers 
as an experiment or obſervation of his own, is related in the 
preciſe manner wherein it appear d to him: na one ever yet 
deny d, that he was a man of punctual veracity. And what be 
delivers as received from other hands, if it be any thing ex- 
traordinary, the reader will find, that he does it with a 
" manifeſt diffidence, and in a quite different manner from that 
wherein he gives us fatts upon his own knowledge; and never 
entertains it for truth, without producing. ſomething analigous 

or paralleh, to countenance it, from his. own. obſervations or ex- 
perience; akvays reſerving to himſeff the full liberty of believ- 
ing no more than he ſees reaſon for. And what can a man do 
more than this, to avoid the imputation of credulity? On 
the contrary, do not thoſe who, without evidence, and merely 
from common report, believe Mr. Boyle to have been credulous, 
give us a remarkable inſtance of their own credulity? Where- 
ever Our author believes. more than other men, it is becauſe he 
had more reaſon for it than they. 'Tis the general way, 
indeed, when a. ſtrange thing is related, either poſatively to deny 
it as impoſſible, or directiy ta entertain it as a truth. This is 
making. ſhort werk of it. But Mr. Boyle poſſeſſed, in a great 
7 that noble faculty of ſuſpending his judgment; till, by 
all the-inquiries he could any way make, he received fuller in- 

formation; and then the thing be found wou'd determine it ſelf. 
Thus much, I hope, may juſtify my ſaying, tis with exquiſite 
Judgment that Mr. Boyle condutts his reader thro all the 
regions of. nature. I preſume, it will appear too, that beginning 
at the fundamental principles of things, he at length leaves 

him qualified to — 2 any inquiry he Rai think fit to go upon. 
is impoſſible in a ſmall compaſs, to particularize all the 
diſcoveries. which Mr. Boyle has made in the ſeveral branches 
of natural knowledge ; nothing leſs. than the abridement it ſelf 
can 
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can ſuffice fir this purpoſe : and there the reader will find” 
himſelf enrich'd with new notions, new ſenſations, new re- 
fleftions ; not a produtt of nature, not a ſingle plant, animal 


or mineral, no not a part of them, but may contribute to our 
deligbt, infirufticn, and advantage. 


Mr. Boyle is altcgether taken up with the objets around us, 
and of which we are, or may be put in poſſeſſion ; tho we remain 
ignorant of their properties, virtues, and uſes, till he calls- 
them out, ſets them befire us, and ſurprizes with a fight- of 


our (en itencrance of things ſo near us, ſo mumentous in them- 


ſelves, and ſo neceſſary 10 our well being, and the trus-enjoyment - 
of lite. There is no profeſſion er conditicn of men, but may le 
benefited by the diſcoveries of cur author, As he had a uon 
derful comprehenſive genius himſelf, te has improved every part © 
of natural kncwledge.; and the world is more obliged to-this . 
ſingle man, than to a thenſand c ulgar philoſephers taken-tege- - 
ther. Tis certain, that be laid the findations of almoſt al! 


the improvements which have. been made ſince his time, in na- 


tural philcſophy ; and actually himſetf per firm abundance of 
thoſe very things, and, perhaps, iu a. much better manner t00, . 


whereby ſeveral famous men have gain'd a reputation, in put- 


ting them of for their own diſccveries. A very fine collettian 


of uſeful knowledge, publiſh'd as the works of à foreign ſociety, 
bears a remarkable teſtimony to this truth. The mechanic, 
the merchant, the ſcholar, the geutleman, all are benefited by 


Mr. Boyle. He ſhews us trades in à new light, and makes - 


them, what they really are, a part f natural philoſophy ; and, 


conſidering them accordingly, reveals ſome of their myſteries ; all 
along advancing proper means to encourage, promote, and 


e the arts themſelces. The goldſimith, the lapidary, the 
feweller, the reiner, the ſtons- cutter, the dyer, the glaſs-maker, 


artizans of all kinds, will ſrom him receive the beſt informas - 


ticus, as to the working, managing, and employing to advantage 


in their 


their carious commodities, materials, engines, and Ar ; 


The husbandman and the dicer are here inſtrutte 


arts; and the mineraliſt, the miner, and afſayer, to find and 
ſeparate their ore to the greateft profit; to increaſe the quantity, 


to meliorate, improve, and enrich their metals; to puriſyj and 
fine 
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fine them, and nerurately to diftinguiſh the genuine and pure, 
from the adulterate, baſe, or counterfeit. The architeft and 
builder are ſhewn how to chuſe the beft materials for their 
ſeveral purpoſes ; the painter to make, to mix, and improve 
his colours: and no part of mankind is 1 by Mr. Boyle. 
But he ſhews a more particular regard to thoſe — 
eoberein the health of the ſpecies is nearly concern d. T he phy- 
 fician, the anatomiſt, the apothecary, and the chymiſt, are 
moſt highly indebted to Mr. Boyle. He has conſider d and im- 
prov'd the art of medicine in all its branches. Me owe to him 
the beſt ways we have of Aſſtinguiſbing genuine drugs from 
Aadulterate ; the diſcovery and preparation of ſeveral valuable 
anedicines ; with the manner of applying abundance to good ad- 
-vantage. He has ſhew'd us the way wherein ſpecifics may act; 
, how to judge of the wholeſomneſs and unwholeſomneſs of the air, 
of water, and of places; and how to examine, and make choice 
of mineral Jprones- In a word, there is ſcarce an art, or 
natural production known, but he makes ſome uſeful diſcovery 
or improvement in it. 

T hen for his temper, it was moſt open, candid, generous, 
and communicative. He endeavours to make all the things he 
treats of, plain, eaſy, and familiar. There is no deop — 
ledge in mathematics, or algebra, previouſly 3 to under- 
ſtand him fully : no tedious ſyſtems need be read, to prepare us for 
reaping all the advantages of our author's philoſophy. He 
brings us at an eaſy rate acquainted with the moſt uſeful things 
in nature; and this all the world agrees to be the higheſt 
excellence in a philoſophical writer. The memory of Mr. Boyle 
will be dear to poſterity, whilſt that of myſtical and enigmatical 
writers, ſuch as ſtudy to make things difficult, and envy mankind 
their knowledge, ſhall meet with the diſregard and contempt they 
deſerve. What principally recommends our author, and diſtin- 
guiſhes him from the vulgar herds of chymiſts, naturaliſts, 
and philoſophers, is this humane temper, this open, candid, gene- 
rous, and beneficent diſpoſition. He was at immenſe pains and 
charge, in making his inquiries; he ſpared no time, no money, 
no diligence, in purſuing diſcoveries for the public advantage ; 
without any ſordid view to increaſe bis own fortune, _ he 

Hhap- 


General Preface. 


happily thought ſufficient of it ſelf. His beneſicenc and public 
= /pirit made the world a generous preſent of all the fruits of his 
labours, without the leaſt expeiiation of reward from them. 
His foul was as great. and noble, as his genius was compre- 
henſ/ive, or his invention fruitful. And what ſhews him in the 
moſt amiable point of light, he was far above the ſelfiſh 
pleaſure, of being admired for a genius, or raiſing a reputation 
by his diſcoveries. Tho' he wanted no capacity, or abilities, to 
have work'd up a glorious ſyſtem, and eretted a more pompous, 
oftentatious, and, perhaps, a more durable firutture of natural or 
chymical philoſophy, than had ever appear d in the world before ; 
he nobly dejpis'd this poor ſatisfattion, and mean gratification ; 
telling us plainly and expreſly, that, notwithſtanding all he had 


done, all the labour, pains, and expence, beftow'd in a life of” 


natural inquiries ; notwithſtanding the vaſtly numerous and 
important obſervations and diſcoveries he made, he frankly 


and ingenuouſly owns, that he ſaw nothing but the firſt dawn- 


ings of ſcience; has drawn only the rudiments of natural know-- 


ledge ; and leaves it in charee to poſterity, for their own ſakes, 
to conſider him but as a beginner ; and to purſue philoſo- 
phical inquiries in general, without cpp to raiſe petty 
ſyfkems by the way. Here was a noble ſoul. is the deſirabie 


character! A true philoſophical mind, well ſeaſon'd with 
humanity, beneficence, gooaneſs! Aſter he had lead us thro 


all the regions of nature; confider'd ber various produttions ; 


" ſhew'd us their uſes, and the manner of converting them to our 
ſeveral purpoſes ; convinced us, that we live in a world moſt 


wiſely contrived, wherein numberlcſs grand deſigns are at 
once carried on with unceaſing variety; and manifeſted that 
all the beings, and all the bodies we know, jointly conſpire, 
as one whole, in bringing about the great ends of nature; he 
bids us not ſtop here, but leaves us full of aſſurance, that 
the farther we inquire into the works of the univerſal archi- 
telt, the more beauty and harmony, the greater uſe and ſatis- 
Hattion we ſhall find among them; and this as longs as the 
frame of the world endures. Theſe noble, manly, and generous 


notions, are what the reader will find inculcated thro = 
Phi- 
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#hiloſopbical writings of Mr. Boyle; whoſe principal aim, and 
9 it was, to benefit * . — and this 

valuable end I ſball count it happy, in any degree to promote, 
by having fted and prepared them for the ready commo- 
_dious peruſal of every reader. 
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A Preliminary 


DISCO URS 


Extracted from 


particular Pieces of Mr. BOYLE 3 


And Serving as a GENERAL PRETACE to his 
PHILOSOPHICAL WRITINGS. 


E, 


IS, in my opinion, one of the principal impediments to the 

F * 1 4 of natural philoſophy, that men have been ſo 
forward to write ſyſtems of it. When an author, after 

having cultivated only a particular branch of kunde ſets himſelf down 
to give a complete body of — he finds himſelf, by the nature of 
his undertaking, and the laws of method, engaged to write of many 
things wherewith he is unacquainted; whence he is reduced, either idly 
to repeat what, perhaps, has already been impertinently deliver d on 
the ſubject; or to ſay any thing of it, to avoid ſaying nothing. But 
the ſpecious and promiſing titles of theſe ſyſtem- writers are apt to 
perſuade the unwary, that all the parts of natural philoſophy have 
already been ſufficiently explain d; and, conſequently, that it were need- 
leſs for them to be at any farther expence and trouble in making en- 
quiries into nature; the buſineſs being done to their handdes. 
And no leſs prejudicial is this way of writing to the reputation of 
the author himſelf, For it frequently happens, that when a writer, 
to vent a ow: ion notions, or diſcoveries of his own, preſumes to 
give a body of philoſophy, that part which is truly his, tho? excellent 
in its kind, ſeems either loſt in crowd of things he has borrowed 
from others, and ſo comes to be overlook'd by the reader; or elſe the 
tedious and ungrateful repetition of things, ſeveral times read in other 
authors, occaſions the whole book to be thrown afide, as a rhapſody 
of trite 7 vulgar notions, unworthy the peruſal: whence, what —_ 
Vor. | 0 nne 
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have made an excellent and ſubſtantial eſſay, paſſes but for a aun and 
empty book. _ 

The worſt inconvenience is {till behind; for whilſt this vanity of 
- writing, either fyſtems, or nothing, is indulged, many uſeful notions or 
experiments, are by ſober and modeſt men ſuppreſs'd; becauſe their 
judgment and integrity forbid: them -to teach more than they under- 
ſtand, or to aſſert more than they can prove: whence, of conſequence, 
this pernicious cuſtom prevents them from publiſhing their thoughts 
and obſervations, till they are numerous enough to ſwell a ſyſtem. So 
that Jam Affaid, gal Arte dhe hinder d the world from mueh 
more uſeful compoſures than their own. For there are very few men, 
if any, enrich'd with a ſufficient ſtock of experiments and obſervations, 
to make out elearly and ſolidly, I will not ſay all the phenomena or 

nature, but of any — branch of phyſics. And thoſe who are 
diligent and judicious onde to ſtudy ; any part of hilo- 
ſopky, wit om Re af Hltics and uncertainties they find therein, 
be the —_ ny mem of all men to write ſyſtems. 

And wha Ve Hae, & thus ſaid of univerſal ſyſtem- writers, is propor- 
tionably SIVA to thoſe” who pretend to give us complete accounts 
of an ger or any :ather conſiderable and comprehenſive part of 


| * hiloſophy. Tho I muſt own, that from theſe attempts, which 


are —_ leſs difficult than the former, mankind has received conſi- 
e advantages; how ſhort ſoever the authors may have fallen of 

us. 1 Nor would E diſcourage the publication of a 

m, of ſophy, or any part of it, from time to time, by ſome 

ie * ent Writer, taken from the beſt authors and obſervations 
then, extant ; for ſuch. a work may be ſerviceable in many reſpefts, if 
lk b l e conſiderable * in e. more _ the 
{wo e pp re or my own pa am very ſenſible 

Fo: 8 25 — f „ of experiments: and obſervations, to 
vrite ſyſtematicall * indeed, cannot but impute many of the 
eficiencies in the — of Ariſtotle,: and ottter celebrated philoſo- 
85 bo. thor having, too haſtily, and without due obſervatien, or a 

of 8282 preſumech to deliver axioms, and 


eſtabliſh. ripples For the theories that are built but upon a few 


obvious experiments, are very liable to be overthrown by à fuller en- 
quiry into un. And, truly, if men were wilfing to regard the ad- 
vancement of philoſophy, more than their own reputations, it were 
eaſy. to make them ſenble, that one of che moſt” conſiderable ſervices 
they could do the world is, to ſet themſelves diligently to make expe- 
and collect obſervations, without attempting to eſtabliſt theories 

upon em, before they haye taken notice of alb the phenomena that 
are; to, be ſolved. I wou d not, however, debar men from reafoning 
upon experiments, and endea vouring to diſcern, as early as poſſible, the 
agreements, differences, and tendencies of things; fuch an abfolute ſuſ⸗ 
penſion of the rational faculty is, perhaps, impoſſible; at leaſt, "tWou'd 
be 
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be inſtructed, even by its own errors. What I wiſh for, with regard to 
ſyſtems, is, that men would always procure a number of experiments 
proportionable to the extenſtveneſs of the theory to be built upon 


them: and, in the next place, that ſuch kind of ſuperſtructures 


ſhou'd be look d upon only as temporary, and preferable, indeed, to 
others, as being the leaſt imperfect; yet not entirely to be acquieſced 
in, as incapable of farther improvements and uſeful alterations. 

Thus much for the inconveniencies of the ſyſtematical way of wri- 
ting; whereto that Which we, in imitation of the Fench, call eſſay, ſeems 
directly oppoſite. 8 P _— 

'Tis, certainly, a great convenience in this latter manner of writing, 
that the reader need not be tired with tedious repetitions of what others 
have ſaid; and that the author, being at liberty to break off when he 
pleaſes, is not obliged to endeavour to teach what he does not under- 


ſtand; or to write of any ſubject, unleſs he can do it well. And if 


ſuch eſſays be, as they ought, but competently ſtock' d with experiments, 
tis the reader's own fault if he does not improve by them T. When 
an author acquaints me only with his own thoughts, or conjectures, if 
he miſtakes in his reaſoning, I am in ſome danger of erring with him; 
at leaſt, I may loſe all the time and pains I beſtow upon him: but if a 
writer endeayours, by enriching his diſcourſe with new and real obſerva- 
tions or experiments, to credit his doctrine; let his private opinion be 
ever ſo erroneous, yet his experiments being true, I may make my own 
uſe of them; and even plead them againſt his opinion: ſo that ſuch a 
writer will certainly teach me uſeful truths, and cannot eaſily lead me 


into error. 


From hence, then, appears the great uſefulneſs of experimental eſſays 


in general. | Y | | 
As for the manner wherein my on are written, I have; thro? the 
whole, aimed at a plain philofaplycal ftyte, and clear fignificant ex- 
preſſions, rather than ſuch as are ornamental. And, certainly,” where 
our deſign'is to inform, not to delight, or pervades perfpicuity is one 
of the beſt qualifications in ſtyle; and to a 
| | Cc 2 


* No philoſopher appears to have ob- | of an enquiry, N them 


ſerved this rule more exactly than the | in the ſhorteſt ways, is the higheſt quali- 
incomparable Sir Iſace Newton: and, ac- | fication in an experimental philoſopher. 
cordingly, as his theory is very extentive, | Mr. Boy/z had a great talent in thus con- 
ſo are his experiments numerous 3 but | triving experiments, and bringing things 
being always wonderfully. ſimple, and | to the trial; eſpecially when he could be 
well choſen, a few of them compared | accommodated with the proper engines 
together, ſoon lead to greater diſcoveries, | and inſtruments. ; 
than many times their number wou'd, | f All Mr. Boyle's philoſophical pieces, 
when contrived by vulgar heads, and exe- | are properly eſſays, well ſtock'd with 
cuted by vulgar hands. Such a ſagacity | experiments and obſervations. 

in finding out the leading experiments | 


be. exceeding irkſome. It ſometimes conduces to the diſcovety of truth, 
to frame an hypotheſis to ſolve a difficulty; for the underſtanding may 


& rhetorical flouriſhes in 
* 8 
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ſetting down an experiment, or in explaining ſome abſtruſe phenomenon, 
were as 1 27 as to paint the Wan of a teleſcope, where clear- 
neſs alone is the thing required. "Twas not an unpoliſh'd philoſopher, 
but the prince of orators, Cicero himſelf, who ſaid, © whatſoever is 
& clearly expreſs d upon a good ſubject, appears to me to be excellently 
ce ſpoken; to affect elegance in ſuch a caſe, were childiſh; to ſpeak 
ce plainly and intelligibly here, is what a wiſe and a learned man 
ce you'd chooſe.” 

1 expett it will be obſerved to my diſadvantage, that I ſpeak doubt- 
fully upon moſt occaſions; which ſeems to argue a diffidence of the 
opinions I incline to: but having met with many things, for which I 
cou'd'affign no probable cauſe, and with ſome, for which many very diffe- 
rent ones might be alledg'd; -1 dare ſpeak poſitively. and confidently of 
very few things, except of matters of fa&t. *Tis not that I condemn 
the practice of bolder men, who attempt to ſolve the moſt abſtruſe 
phenomena of nature; I admire them, where their endeavours ſucceed z 
and tho' fail, applaud them: but a man ſhould know his own 
abilities, and not imitate all he thinks fit to praiſe. *Tis, I am ſenſible, 
the ready road to fame, to ſolve phenomena, and propagate opinions z 
but by the way of writing to which I have condemn 
Hope for little better than to paſs for a drudge, of greater ind 
than reaſon; and fit only to collect experiments, for more philoſophical 
heads to make uſe of and explain. And I am content, provided expe- 
rimental knowledge be really promoted, to contribute in the meaneſt 


Way to advance it; and had rather be an under-builder, and even dig 


in the quarry for materials towards ſo uſeful a ſtructure, than not 
aſſiſt in erecting it. But, to ſay the truth, I have not been wholly 
wanting in framing notions, and deviſing hypotheſes, free from the 
deficiencies and errors I obſerved in _ thoſe of other men; tho? with 
this ſucceſs, that I have hitherto commonly found what pleaſed me 
for a while, as ſquaring with the obſervations on which my notions 
were grounded, was ſoon after contradifted, or diſgraced, by ſome new 
experiment or obſervation, either before unknown, or unthought of. 
And thus it has fared with many eminent writers, who have taken 
_ them to deliver the cauſes of things, and explain the myſteries. 
of nature; for their doctrines, after having, for a ſhort time, been ap- 
plauded and admired, have been afterwards confuted by the diſcovery. 
of new phenomena. | 

Notwithſtanding all this, I have, on ſome occaſions, ventured to deli- 
ver my opinion; becauſe I rather choſe to run the hazard of being 


ſometimes . miſtaken, than not afford my reader the beſt aſſiſtance 1 


could towards the. diſcovery of truth. And becauſe: in my ſolutions, 
and explanations of natural effects, I have not always an immediate 
recourſe to the magnitude, figure, and motion of atoms, or. the compo- 
nent particles of bodies, *tis proper I ſhould give my reaſon for this 
procedure, For -many men of learning, and eſpecially phyſicians, are 


in. 


d my ſelf, I can 
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principles. And, indeed, there are often ſo many ſubordinate * 
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in danger of being deſpiſed, on account of an opinion taken up from” 


the miſapplied doctrine of ſome eminent Aromiſts, as if no theory in 
natural philoſophy cou'd be rational, where any other cauſes of things 
are aſſign d, than atoms and their properties. But, in general, to aſſign 
a reaſon of an effect, is to deduce it from ſome other thing in nature, 
more known than it ſelf; and, conſequently, there may be ſeveral de- 
grees of explaining the ſame thing. For tho' ſuch ſolutions are the 
moſt ſatisfactory to the underſtanding, which ſhew how the effect is 


produced by the more primitive and general properties of matter; yet 


thoſe accounts are not to be deſpiſed, that are taken from the obvious 
and familiar properties, or ſtates of bodies; tho' theſe themſelves, pro- 


bably, depend on the more univerſal. In the ſearch after natural cauſes, 


every new meaſure of diſcovery both inſtructs and gratifies the mind; 


tho” the nearer the diſcovered cauſes approach to the higheſt in the 


ſcale or ſeries, the more is the underftanding gratified and inſtructed &. 
*Fwou'd, therefore, be highly uſeful, if ſome mathematical genius 


were imploy'd, in deducing the principal modes or qualities of matter, 


ſuch as heat, cold, &c. with the ftates and conditions of it, as fluidity, 


firmneſs, &c. from the primitive and ſimple properties thereof, as figure, 


motion, &c. In the mean time, we ſhou'd not reject all thoſe accounts 


of particular effects, which are not immediately deduced from the 


primary properties; but from the leſs univerſal qualities of things, as 


cold, heat, weight, oc. And this too wou'd much ſhorten the 1 | 
I 


tion of particular phenomena, which, otherwiſe, muſt be exc 
tedious. Thus, he eaſily aſſigns a tolerable reaſon why all metals, 
except gold, ſwim upon quick-ſilver, who teaches, that thoſe metals 


are * than quick- ſilver, but gold heavier; tho” he does not deduce 
the phenomena from atoms, nor ſay why gold is heavier, or aſſign 


the general cauſe of gravity. Thus a phyſician will tell you, that 
rhubarb cures a looſeneſs, by a laxative virtue, whereby it carries off 


the cauſe, and an aſtringent property, whereby it afterwards =o 
y 


the flux: but, if you ask him, why rhubarb purges, he will hard 
ive you a ſatisfactory anſwer. 


feſſion, were denied to be reaſons, becauſe not built upon atomical 


© "Tis unphiloſophicl to reſolve | immechanical, and muſt be immediately + 


effects into the original cauſe of all | reſolved into the will of God; yet Sir 


things, the ſupreme Being, without an 


abſolute neceſſity. Indeed, by diſcover- 
ing more intermediate cauſes, we only 


lengthenthe chain, and muſt end inthe au- 


thor of nature at laſt; but it is the buſineſs 
of philoſophy, to diſcover all theſe links; 
and to ſhew, if poſſible, how the laſt is 
0 ＋ with the reſt. Many philo- 


phers tell us, that gravity is, doubtleſs, | 


Iſase Newton, with great ſagacity, has 
nobly attempted to give a mechanical 
The practice, therefore, 


account of it. 
of this illuſtrious author, as well as of 


Mr. Boyle, ſhews, that philoſophers ſnou d 


not be too haſty in ſolving phenomena 


from the will of the Creator; becauſe * 


it tends to ſtop the progreſs and advance» 
ment of natural knowledge. 


vely - 


Yet a skilful phyſician would think 
imſelf injured, if the reaſons he renders of things in his own pro- 
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of things, that a large field is left wherein to exerciſe human induſtry, 
in"ſolidly deducing the properties of bodies, from more general and 
familiar qualities; and, alſo, intermediate cauſes from one another. 
And we ſhould the more readily allow of ſuch cauſes as theſe, becauſe 
there are ſome things, for which no phyſical cauſes at all are aſſignable; 
as of the origin of local motion, for inſtance. 

There are two very different ends in ſtudying natural philoſophy; to 
Pleaſe a man's ſelf in the diſcovery of the cauſes of known phenomena, 
and to be able to produce new ones. Now, as the atomical principles 
are likely to give moſt ſatisfaction in the knowledge of cauſes ; ſo phi- 
lofophy may be purſued with great ſucceſs and delight, by collecting 
and making a variety of experiments and obſervations. When an 
engineer employs gun- powder, tis not neceſſary he ſhould know the 
ingredients whereof it conſiſts, or the proportions wherein they are 
mixed; the common notion of this powder, will enable him to perform 
furprizing things with it. And a phyſician, who has obſerv'd the me- 
dicinal virtues of Venice-treacle, may, tho' he know not the names or 
nature of the numerous drugs whereof *tis compoled, cure ſeveral diſ- 
eaſes with it. *Tis, indeed, an advantage, as well as a ſatisfaction, to 
know, in general, how the qualities of things are deducible. from the 
primitive properties of the ſmalleſt parts o matter; yet if we are only 
a0 with the qualities of the bodies they compoſe, and how - 
theſe are diſpos'd to operate upon other bodies, and to be wrought 
upon by them, we may, without aſcending to the top of the ſeries 
of cauſes, perform things of great moment. Artificers, who never 
dream'd of the Epicurean philoſophy, have accommodated mankind with 
a multitude of uſeful inventions. But to return. | 

I have purpoſely refrain'd from ſwelling my diſcourſes, with ſolemn 
and elaborate confutations of other mens opinions, except in ſome few: - 
particular caſes, where I thought they might prove great impediments _ 
to the advancement of experimental knowledge: and even ſuch opi- 
nions I have been cautious of oppoſing, unleſs with experimental ob- 
jections. For I deſign not to engage with any ſect of philoſophers. I 1 
wou'd endeavour to deſtroy the groundleſs ſtructure of opinions, as fan- 
taſtical objects are aboliſhed, by letting in more light upon them. And 
experience ſhews, that many plauſible and radicated opinions, have been 
thus demoliſhed. Indeed, ſuch opinions will vaniſh of themſelves, tho 
no body ſhou'd expreſly write againſt them. 

"Tis, alſo, contrary to my inclination, to tranſcribe paſſages out of 
authors, which, commonly add much more of bulk, than of worth, to 
a book. But where particulars are of that nature, or moment, as to 
require proof or illuſtration, 1 have ſometimes been obliged to comply 
with this cuſtom; tho? I always appeal to other writers, not as 
judges, but witneſſes. | | 

I muſt, here apologize for one thing, that is very contrary to my 
nature, the concealing fome particulars in my writings. But n | 
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ſach as J either had upon condition of ſecrecy; ſuch as are made a 
pecuniary advantage of by ſome particular perſons; ſuch as I purpoſely 
keep by me, to exchange for the ſecrets of others; or, laſtly, ſuch as 
are eaſily capable of being converted to ill uſes. The reader, there- 
fore, muſt not think himlelf unkindly dealt with, if, upon theſe conſi- 
derations, ſome proceſſes and receipts are kept from him. The number 
of theſe, however, is but ſmall; and he has ample amends made him 
by a large collection of others freely preſented him. 

To excule the prolixity uſed in ſetting down many of my experiments, 
I might repreſent, that moſt of them- being wholly new, required to be 
circumſtantially deliver'd, to gain them a thorough aſſent; but the 
principal reaſon of this was, my deſigning them to ſerve as full and 
faithful records of the things themſelves; whereby they might ſave 
others the trouble or expence of repeating them. 

If any one ſhall think, that in my diſcourſes I reveal too much of the 
ſecrets and myſteries of trades, I wou'd have him confider, that my 
deſign being to inſtruct, and, ſometimes, to convince my reader, I was 
frequently driven to make uſe of ſuch ſenſible and obvious 72 
as eaſily gain credit, or may be ſeen with little trouble: and becauſe 
I write for nope not to inſtruſt men how to raiſe eſtates, 1 
ſeldom divulge more than an experiment or two in any particular 
trade; which is far from enabling a perſon to prattiſe. the whole of 
that trade. But ſuch benefits may accrue to trades from a philoſo- 

hical conſideration of them, that the artiſt might well excuſe the 
being made free with upon ſuch an occaſion. The inventions of phi- 
loſophical heads ſet great numbers of mechanical hands to work; and 
furniſh them with means of procuring not only a ſubſiſtence, but eſtates 
too. The truth is, I have been the more particular upon this ſubjett, 
in hopes of removing. philoſophy from the ſhops into the ſchools ; 
which might prove as ſerviceable to trades.themſelves, as to the hiſtory 
of arts and nature. And I ſhall not think my labour loſt in record: 
what may to ſome appear trifling experiments, if by ſtriking in with 
the humour or genius of my reader, any one of them ſhall give him 
a reliſh for experimental knowledge : for the pleaſure, variety, uſeful- 
neſs,” and other endearing qualities of that purſuit, muſt ſurely, invite 
him to a farther progreſs, whereby many great advantages may be 
derived to the world. Natural philoſophy is not that barren thing it 
has been long accounted: I only wiſh, that I cou'd rouze up the gene- 
rality of mquiſitive perſons, and excite the curioſity of mankind to 
the making of experiments; from which alone the greateſt advancement 
of uſeful knowledge is to be expected. To encourage and facilitate this 
practice, give me leave here to propoſe a general method of drawing 
up the 1 heads of enquiry for philoſophical ſubjects; according 
to the model whereof my own ſearches into nature were generally 


directed. ip 
In 


all the particu 5 
whether it be a body, a quality, an operation, or a proceſs, may conve- 
niently be referr'd. Theſe diſtinct ſets or topics of enquiry, I call 


Preliminary Diſcourſe. 
In the firſt place, I propoſe to my ſelf three ſorts of heads, whereto 
— which occur, belonging to the hiſtory of a ſuhject, 


orders, ranks, or claſſes. And finding that things of different natures 
were referable to each ſet, for inſtance, queries, propoſitions, &c. I 
-choſe to take in all theſe kinds of topics, or articles of enquiry, under 
the general and comprehenſive name of titles. The firſt order of theſe 
titles I made to conſiſt of ſuch as readily occurr'd, upon the primary 
deliberate view, or general ſurvey of the ſubject. For a man can hard! 


be ſo clear-ſighted, or ſo happy, as at a firſt attempt to light upon ſu 


Mort, direct, and advantagious methods of digeſting, and delivering his 
diſcoveries, as might afterwards be afforded him by a thorough inquiry, 
and farther informations. It may, therefore, ſuffice for the firſt, that 
the mind takes a general ſurvey of the ſubject, views it on every fide, 
and obſerves the different proſpects it affords. There is no need of 
'being very ſcrupulous in enumerating and ranging the particulars 
referable to this claſs; but only to order it ſo, that the titles may 
be ſufficiently various and comprehenſive, rather than exactly metho- 
dical, or accommodated to any particular hypotheſis. And becauſe, 
even at the firſt deliberate view, ſome of theſe titles may appear ſo 
conſiderable and fruitful, as to deſerve that ſeveral ſubordinate and more 
particular topics be referr'd to them; I call the capital titles, or thoſe 
of this firft claſs primary, and the ſubordinate ſecundary titles. 

Now, when by reading, conference, meditation, and the experiments 
ſuggeſted by the heads of the firſt claſs, we have receiv'd the fulleſt 
information we can procure, of every thing that relates to the ſubject; 
we may then 3 to form another ſet of titles, to be call'd the 
ſecond, or, if no other interpoſe, the laſt claſs; which, if we have 
been diligent and ſucceſsful, will be more copious, and better ranged 
than the firſt. For, many things will now, probably, appear to belong 
to the ſubject, which before were thought remote from it; or, per · 
haps, not thought of at all: and farther diſcoveries will enable us to 
correct the order of the former titles. Moſt of the particular heads 
too will, probably, appear more comprehenſive, and of larger extent, 

was before imagin d; ſo that a particular title may hence be pro- 
perly branch'd out into ſeveral ſubordinate articles, or ſecondary titles; 
one whereof alone will, perhaps, comprize as many experiments, or 
obſervations, as at firſt ſeem'd to belong to the primary, or more ge- 
neral title it ſelf. And from the materials thus orderly _ together, 


runder this laſt claſs, with the requiſite changes in point of method, 
connexion, tranſitions, and additions, may be form'd the beginning 
of a natural hiſtory of the ſubje& whereto they bear relation. For, 
even after all this is done, the hiſtory will, in all probability, be only 
begun, -not compleated ; the nature of thing 

skalful men being ſo fertile, that the hiſtory 


gs, and the induſtry of 
„ doubtleſs, be increaſed, 
cor- 
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corrected, and improved from time to time; but never, I fear, in many 
ages, arrive at ablolute perfection. 

When the ſubje& to be treated, is either very comprehenſive, or 
very difficult; as thoſe of animal generation, magnetiſm, termentation, | 
gravity, &c. it will be uſeful, if not neceſſary, to inter poſe between the titles 
of the laſt, and of the firſt claſs, a ſet that may be called of the middle order; 
for the framing whereof the nature of the ſubject muſt be narrowly 
ſcann'd, ſurveyed afreſh, and carefully compared with the ſeveral parti- 
culars, obtain d and diſpoſed under the titles of the firſt claſs. Hence 
many new hints, and heads of inquiry will, in all likelihood, be ſuggeſted ; 
which, added to the former, may deſerve to have a new claſs framed for 
them, conſiſting of articles more copious and various than the firſt; and 
fit to be ranged in a different order. Theſe ſeveral titles are to be touch'd 
and fill'd up, after the ſame manner that the Hraelites gradually acquired 
a knowledge of the fruitful land of Canaan, before they poſſeſs'd it: 
at their firſt entrance, the ſpies took a tranſient view of the country, 
and brought back but an inaccurate account thereof, with a little of 
the more remarkable fruit it afforded; but upon a ſecond expedition, 
taking pains to gain fuller inſtructions, they return'd able to anſwer 
many particular articles of inquiry: and this latter induſtry wou'd enable 
them to give a far more diſtind and ſatisfactory chorography, or ſur- 
vey of the country, than they cou'd have furniſh' d out before their 


ſecond expedition. 


Laſtly, as tis not to be expected, that the titles, whether primary 
or ſecondary, of a natural hiſtory, ſhou'd need no enlargement, or refor- 
mation from ſecond thoughts, and a more comprehenſive practical 
knowledge of the ſubject; I always thought it neceſſary to annex to the 
firſt edition, if I may ſo call it, of my titles, an 7 ama conſiſting 
of things omitted, and things to be added; the former whereof are 
properly referable to ſome of the titles already enumerated, and 
only thro” haſte, or overſight, had not their places afſign'd them ; but 
the latter were to receive ſuch new particulars, as ſhou'd be ſuggeſted 
by farther advancements, after the hiſtory was written; whether they 
directly belong'd to any of the preceding titles, or might, only in a 
general way, contribute to the knowledge or illuſtration of the ſubject. 

To proceed, I muſt obſerve, with regard to the mechanical contrivan- 
ces employ'd in the execution of my experiments; that tho', in general, 
they anſwer d my purpoſe, yet much more artificial inſtruments may 
be invented. But being frequently obliged to make my experiments 
at a diſtance from London, I was glad to put in practice the beſt 
methods I cou'd any way deviſe, where all defirable conveniencies 
were not to be had. Indeed it has been no ſmall hindrance to the ad- 
vancement of natural philoſophy, that ſome nice critics are ſo rigid in 
exacting the very beſt contrivances, in thoſe who publiſh their experi- 
ments; for every philoſopher has not a mechanical head. he 
Vou. I. "RR may 
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may well be eſteem' d a benefactor to natural philoſophy, who barely 
contrives experiments in theory, or propoſes practicable ways of bring- 
ing things to a trial: for the increaſe of knowledge is the produtt of 
the things themſelves that are difcover'd; whatever means or inſtruments 
are uſed in the diſcovery of them. *Tis true, in curious and extraor- 
dinary caſes, perfection in the contrivance may be deſirable, uſeful, or 
even neceſſary; yet in many others, where only the production of a 
new phenomenon is the thing intended, he contributes to the hiſtory 
of nature, who really performs the ſubſtantial part of a diſcovery, 
tho? it be not in the moſt eaſy, moſt perfect, and moſt compendious 
method imaginable. Archimedes himſelf, if hiſtory ſays true of him, 
went a much more laborious and inaccurate way to aſſign the propor- 
tions of gold and filver, in a mixture of thoſe two metals, than is 
taught us by the modern hydroſtatics; tho' this, perhaps, wou'd have 
e undiſcover'd, but for the hint afforded by his method of pro- 
cedure. 

To prevent, as much as poſſible, the neceſſity of cuts, or the figures 
of the inſtruments which I employ'd in my experiments, I have made 
the relations and deſcriptions of them full and plain; yet, leſt my 
own habit of deviſing various trials, and the frequency of feeing them 
put in practice, might have led me to imagine things more intelli- 
zible than the generality of readers wou'd find them, I adviſed with 
ome proper perſons, as to the experiments neceſſary to be illuſtrated 
with ſchemes or figures; which are ſo contrived, as generally, by in- 
ſpection, to expreſs and clearly repreſent the things they were defign'd 
to ſhew ; without referring, by letters, to the particular parts whereof 
they conſiſt. 

There is another particular, which muſt not be paſſed over in 
filence, the frequent repetitions to be met with in my writings. 
Having often been obliged to write at a diftance, as well of 
place, as of time, from the books that I formerly publiſh'd; and 
0 8 the opportunity of er them; the mention of things 
already there deliver d, was render'd ſometimes unavoidable: tho* I 
hope theſe generally appear on ſuch different occaſions, ſerve ſuch 
different purpoſes, and are attended with ſuch additional circumſtances, 
that the reader will not be diſguſted to meet with the ſame thought 
in differents parts of my works. 8 5 
© Give me leave, in the laſt place, to explain my ſelf, as to the opi- 
nion which I may ſeem to have entertain d of chymiſtry; and as to 
the uſe I have made of it in my philoſophical inquiries. 5 
Aſter having gone thro' the common gn of that: art; and- 

coming ſeriouſly to reflect upon them, I thought it pity that inſtru- 
ments, which. might prove ſo ſerviceable to natural philoſophy, ſhou'd 
be ſo little employ'd to advance it. I ſaw that ſeveral chymiſts 
| had, by a laudable diligence, obtain d various productions, and hit 
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upon many more phenomena, conſiderable in their kind, than could 
well be expected from their narrow principles; but finding the gene- 
rality of thoſe addicted to chymiſtry, to have had ſcarce any view, 


o the preparation of medicines, or the improving of metals, I 
= f — conſider the art, not as a phyſician, or an alchymiſt, 
but a philoſopher. And, with this view, I once drew up a ſcheme for 
a chymical philoſophy *; which I ſhou'd be glad that any experiments 
or obſervations of mine might any way contribute to complete. 

There are many men, who, having no knowledge of chymiſtry but 
by report, entertain a very diſadvantagious opinion both of the art, 
and thoſe who profeſs it: and becauſe it has been too often pra- 
ctiſed by illiterate, arrogant impoſtures, they will ſcarce allow a philo- 
ſopher to underſtand or ſtudy it. But, ſurely, without ſeeking after 
the grand elixir, this art may greatly promote our knowledge of the 
works of nature. *Tis certain, that by means of it, ſome meliorations 
of metalline and mineral bodies may be made, uſeful medicines pre- 
pared, and various productions ſerviceable in particular trades, and ſeveral 
occurrences of human life, obtain'd. And tho? this alone ſuffices 
to ſhew, that a man might ſtudy chymiſtry to advantage; yet, 
as I before intimated, I had a larger view in cultivating it; and have 
attempted no leſs than the advancement of natural philoſophy, by 
means thereof, And, I hope, I ſhall have done no unacceptable ſer- 
vice to the common-wealth of learning, if, by my acquaintance with 
this art, I beget a good underſtanding betwixt the chymiſts, and the 
mechanical philoſophers, who certainly have hitherto been too great 
ſtrangers to each others diſcoveries. 

I cou'd, indeed, have ordinarily employ'd more conſiderable chy- 
mical experiments in my eſſays, but thought fit to give the preference 
to ſuch as were ſimple, ſhort, and eaſy, and ſuch as might be made 
at a ſmall expence ; becauſe theſe I judged the fitteſt foundations for a 

hiloſophical theory. And the gratification of the chymiſt was not 
ere ſo much my deſign, as to oblige the philoſopher. 


| d 2 But, 


A large part of that collection of ex- upon genuine chymiſtry. A rational, 


periments, which were made with a 
view to the chymical philoſophy here 
mention'd, Mr, Boyle afterwards thought 
fit to employ in giving the mechanical 
origin of qualities in bodies, and clear- 
ing up other philoſophical difficulties ; 
whence tho' the major part of his 
eſſays have not the form of chymical 
ones, they are no other at the bottom. 
Nor does there ſeem to be any better 
method in nature, for improving natu- 


| miſtry, 
ral philoſophy, than that which builds 


and experimental eſſay of chymical phi- 
loſophy, which might be drawn from Mr. 
Boyles diſcoveries, and ſome others that 
have been made ſince his time, wou'd 
open a ſurprizing ſcene in the works of 
nature ; and prove infinitely more enter- 
taining to the mind, and advantagious to 
human life, than a ſtranger to the various 
operations, numerous productions, and 
aſtoniſhing effects of philoſophical chy- 
can poſſibly imagine. 
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But, as I may my ſelf ſeem an enemy to the chymiſts, by op 
fing ſome of their tenets, I defire it ſhou'd be obſerv'd, that l hve 
very different efteem for the notional, and for the practical part of 
chymiſtry. For 1 have been obliged to call in queſtion many of 
their tenets, not only as a philoſopher, but alſo as a chymiſt; be- 
cauſe they appear'd diſagreeable ta the very foundations of philoſo. 
Ply, and genuine chymiſtry it ſelf. Such an one, for inſtance, is the 
ypotheſis of the three principles in natural bodies. But as for the 
chymical operations, and eſpecially thoſe highly valuable ones, digeſtion 
and cohobation, I take them to be excellent tools in the hands of ß 
a. natural philoſopher, who may apply them to many different, and, 
perhaps, nobler uſes, than thoſe whereto they are generally confined | 
in laboratories; and by their means diſcover, imitate, correct, and, 
in ſome caſes, even excel nature. I, likewiſe, diſtinguiſh betwixt the 
vulgar chymiſt, and the chymical- philoſopher. For, we are told, 
there is in-the world a ſet of men, of a much higher order than 
thoſe who give us courſes of chymiſtry, or other books of that 
nature, able to tranſmute baſer metals into perfect ones, and to do 
ſome other things, that the generality of chymiſts confeſs to be 
extremely difficult, and ſome of them think impoſſible. What L 
have received from credible exe · witneſſes, and, perhaps, ſome more 
immediate arguments, ſtrongly incling me to think there may have 
been, and yet are, ſome ſuch men. And, whatever be * of the 
138 ſtone, L confeſs my ſelf convinced, by what I have ſeen, 

it there are in the world as difficult Arcana, as many of thoſe which 
have been derided for chymical *non-entities. And if ſuch men there, 
are, I cannot but fancy them poſſeſs'd of ſome. exceeding powerful 
menſtrua, whereby they may produce ſuch alterations in bodies, as 
we have no examples of. Thus much will ſerve to ſhew the chymiſts, 
that I am no enemy to their art; and, indeed, I think it eminently ; 
conducive to extend: the. empire of mankind, by enlarging our views, 
and giving us the command. of nature, For, as. the Bolanian ſtone, 
naleſs it were chymically prepared, wou'd never become luminous; ſo 
theze are many other natural bodies, which never afford light to phi- 
foſophy, till *tis ſtruck out to them by chymical operations. 

I have nothing more to add, than that I am ſenſible of the great 
plainneſs in my. writings, thro” the want of ſuch philological orna- 

ments as learned men beſtow upon their. productions; but I am not 

ambitious to appear a man of letters: I:coud be content the world 
ſhould think I had ſcarce looked upon any other book than that of 
nature 4. And, for my own. part, I always eſteem him the moſt 
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-ofitable author, who does not endeavour to ſhew his own learning, 
ut to increaſe the knowledge of his reader. | 


he might well have been excuſed the | ſeveral modern ones, and ve 
pains s converſing with authors; but, | verſed in all the polite 2 
to our ſurprize, he was a critic in the literature, both of the ancients and 


learned languages, ready in the uſe of | moderns. 
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TY the uſefulneſs of 4 philoſophy is to ſhew its excel- 
gw Thar the 1 kind is moſt highly uſeful, the 
ollowing pages, by a vaſt variety of particulars, abundantly 
the modern philoſophy, which builds ex- 
Purpoſes of life and the phe- 
entirely proſecuted in that 
view; whereby it is advanced far above all the ſyſtems that went 
before it. | 3 | 
Smce the late happy conjunction of mathematics and philoſophy, 
and the , them both 2m and the — about 


us, many noble diſcoveries have been made, all tending to enlarge 
0 


the underſtanding and to give us a command over nature. 
this end, the induſtry of the moderns has made uſe not only of 
later inventions, but alſo of thoſe of the anciems. Thus, for ex- 
ample, the old geometricians demonſtrated abundance of fine pro- 
perties in the ellipſis and the parabola; and of late the motions 
of the planets, comets and projettils are demonſtrated to be per- 
formed in theſe lines: an uſe the ancients never dream'd of By 
this means, at ſengrs, a juſt theory of the celeſtial bodies is efta- 
bliſh'd, and the whole aſtronomical world levell d to our capacities. 
Hence another new ſcene is alſo 2 for mathematicians thus 
becoming mechanics have furmſh'd us with numberleſs new inſtru- 
ments and engines for various uſes. Microſcopes and teleſcopes, 
antnoum to the ancients, are now commonly applied to diſcover the 
wonders of nature both in her ſmalleſt and largeſt productions; 
and ſerviceable machines are every where employd to ſave the 
expenſe of animal ſtrength; models and imitations are made of 
nature s works, and the world with its various phenomena clear- 
ly repreſented in miniature. In n is brought down 
and 8 to material * ſuch things as we know 
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SECT. I. 


8 the natural Philofophy I an d recommend is much more difficule, 
A laborious and ex N that of Ariſforli or the —— tis neceſſa- 
ry, before we deſcend to particulars, to apprize the reader 


to, recompence whatever time and 1 
And, W a due reflection u po a ing Jin — 


of the modeſt title philoſopher, 571 * 
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The Uſefulneſs of Philoſophy. 


the things that chiefly enoble man, and make him refemble the Gods might 
endear-the Rudy of philolophy to us. For, as the foul is endow'd with two 
principal faculties, the underſtanding and the will, the former whereof is adorn'd 
and perfected by knowledge, and the latter improv'd and render'd amiable by | 
goodneſs; ſo nothing more gratifies and enriches the one, or more enables the 
other to do good than natural philoſophy. 

But to ſhew. this more diſtinctly, I ſhall here conſider a few of thoſe nu- 
merous, advantages which accrue to mankind from the ſtudy of nature: the 
chief whereof tend to inſtruct the underſtanding, to gratify our curioſity, and 
to raiſe and cheriſh our devotion. | 

And as not only Ariſtotle but common experience ſhews, that all men are 
naturally deſirous of knowledge; this propenſity muſt ſtrongly attach us to 
thoſe, works of nature which are ever preſent to our ſenſes, and contin 
ſollicit our inquiries. Even the ſchool philoſophy, though ſo litigious in its 
theory and barren of fruit, has had its zealous admirers; who cou'd ſurely be 
_ ſuch by nothing but this in-bred fondneſs for its pretended end and 

ject. 
our curioſity is the parent of philoſophy ; as we live, therefore, among wonders, 

muſt of neceſſity ſtrongly invite us to a contemplation of nature's works; 
ſome whereof, being obvious and legible, amaze an ordinary ſpectator; whilſt 
others are admirable and abſtruſe enough to aſtoniſh the moſt curious and inquiſitive. 

The bare proſpect of this magnificent fabric, the univerſe, furniſh'd and adorn d 
with ſuch a — variety of curious and uſeful objects, might tranſport us with 
joy and wonder, did not their commoneſs prevent ſuch an effect. That this 
wou d otherwiſe happen appears probable from what Mr. Stephzus the oculiſt, and 
another illuſtrious eye-witneſs, lately told me of a maid, who, being born with 
cataracts, continued abſolutely blind till about the age of cms but being 
then brought to the free enjoyment” of ſight, ſhe was ſo raviſh'd upon beholdi | 
the many new preſented objects, ſo tranſported at moſt of them, and, in a w .Y 
fo far di as to explain that myſtical Aabian proverb Shut the windows 
& that the bouſe may be light. | 

But if a flight view of this admirable ſtructure be capable of pleaſing fo 
highly, what ſatisfaction muſt it afford a ſpectator able to bead cadet 
the curious workmanſhip and contrivance of it? For, the book of nature, I 
conceive, appears as differently to an ordi er, and to a naturaliſt, as an 


excellent book of hieroglyphics wou'd to a child and to a philoſopher; the child 


wou'd be pleaſed with the oddneſs and variety of the pictures alone; whilſt the 
1 wou'd not only be delighted with the ſame, but receive a much 
igher ſatisfaction in contemplating and acquiring the veiled and abſtruſe truths 
that were 2 couched therein. 
For as the underſtanding is the higheſt faculty in man, fo are it's pleaſures 


the higheſt he can naturally receive. I am not, therefore, ſurpriz d that Achimedes, 
when ing, in a bath, upon a way to ſolve a perplexing difficulty, ſhou'd 
inſtantly leap out, and run naked about the ſtreets, crying aloud & I have found 
it, I have found it; 2 nor that the elder Flig cou d not be _— = 


— - — — 


more than brutes; but, if contented with the firſt appearances of things, we 
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diſſuaſion of friends, the flames and hideous eruptions of Ye/avins from ſearching 
into the nature of ſuch Vulcano, and, as it happen'd from loſing his life by 
too near an approach. For, in like manner, we daily fee chymiſts hazard their 
lives among their furnaces, whence the fumes that iſſue prove ſometimes fatal. 

To converſe with dead and putrid carcaſes were, one wou'd think, a ſhocking 
and odious employment, yet ſome anatomiſts dote upon it : and, I muſt own, 
it's uſefulneſs has greatly enamour d me with diſſection. For although the fine 
works of artificers ſeldom fail to draw the curious and raiſe their wonder; and 
though, in my travels, I have often, with difficulty, purchaſed the fight of a 
maſter- piece of art, yet, at preſent, a skilful diſſection wou'd pleaſe me better 
than the famous clock ar Strauburgh. So that Ariſtorle, in my opinion, acts like 
a true philo » when dropping the conſideration of the ſublimeſt natural pro- 
ductions, he deſcends to record the homely hiſtory of animals, « We come now, 
4% ſays he, to the nature of animals, with a reſolution to comprize all we can, 
be it baſe or noble. ” 


...r rr that the truths it teaches Phibſopty hilt 


highly gratify without the leaſt disguſting the mind; being ſuch as conſcience 4 


never upbraids us with in the enjoyment, nor turns to torments aſterwards. 5, =» me 


Neither are theſe truths obtain'd by that low kind of employment which, tho* not 
condemn'd by religion, cannot ſtand the teſt of reafon ; for even the moſt 
rational and ſtrictly virtuous men have employ d themſelves herein. Pythagoras, 
Democritus, Plato, with numberleſs others, fam'd for wiſdom, thought philoſo- 
phy demanded not only their ſtudies at home, bur travelling to the eaſtern 
countries, where it was beſt taught, in order to obtain. And that rigid teacher 
Seneca, not content through his other writings frequently to extol the contempla- 
tion of nature, left us ſeven books upon the ſubject. 

How — wy countenances this purſuit we ſhall fee hereafter; but reaſon 
hoe ras worthy * who have — 
to the greateſt hei e herein dioufly engaged. Nay, this no- 
ble faculty, —_ of its own abilities, due application, is affronted 
when not thus confiderably * whilſt we become Faun of our own 

inſtructive univerſe, the nobleſt part whereof we are defign'd to make, as 
ſlightly as fuch animals to whom lower faculties and prerogatives are aſſign d. 
1 44 b animal of ation ſtature, and 
« t e his nature participates of ſ ing divine; t ies whereof 
ce are underſtanding — 7 id „it ill fuls the d dignity of 
ſuch a creature to live in ignorance of the laws of that great common- wealth, 
the world, whereof he is the moſt eminent member. Nay, as it is injurious, ſo, 
did not cuſtom or — 4 us, it muſt alſo be afflicting to a rational 
mind, not to underſtand the ſtructure and contrivance of the body wherein it 
reſides, and by means whereof it acquires all the knowledge it has. | 

Indeed, the generality of men, how indolent foever, come by the ſuperiority 
of their faculties, which enables them to reflect, in ſome egree, to know 


rely upon our nature, without r 
ule 


name 


ing miry 
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uſe and higheſt ſatisfaction of our reaſon; and whoever is thus wanting to him- 
ſelf, may be faid to lead the life of a ſpider in a palace, who takes notice of 
nothing there but what paſſes in her own web. 

To give the greater ſanction to philoſophy, it may be obſerv'd, that accordi 
to Foſephns, Seth and his poſterity, ſtiled the ſons of God, firſt cultivar 
aſtronomy. It. was a general tradition, that Abraham firſt inſtructed the Egyprians 
both in aſtronomy and philoſophy ; and Beroſws, as cited by Foſephns, records 
him to have been skill'd in the ſcience of the ſtars. And ſpeaking ſoon after of 
Abraham and the Egyptians, tis faid expreſly, „ that he ingenuouſly commu- 
c nicated to them the ſciences of arithmetic and aſtronomy z for the Egyptians 
« knew nothing of either, before he came among them”. | 
But to put it beyond ge that the greateſt genius need not bluſh at the 
ſtudy of natural philoſophy, Solomon himſelf not only cultivated, but taught 
it; and left behind him writings on that head, from whence if ſome I's 
ſay true, Ariſtotle borrowed moſt of his choice pieces; tho' the originals de- 
ſcended no lower, leſt, ſay the Rabbi's, they ſhould have been idoliz d, or all 
kind of debauchery committed, in hopes that the diſeaſes conſequent thereon, 
might thence have been eaſily remedied. 


The vy of Fromthe entertaining variety of nature's works, we are again inſtigated wy their 
<acire- oer contemplation; for whilſt molt other ſciences are ſo limited, that one of the beſt 


ſyſtems thereof will uſually contain all that is known upon each head; the 
objects of natural philoſophy, being as numerous as the laws and works of nature, 
are ſo various, that the age of Aerhuſelah wou'd fail before the ſubject. Nays 
ſo fertile is each parti object of a naturaliſt's contemplation, that ſeveral 
might be named, to diſcover all the uſeful properties but of any one in the num- 
ber whereof, a ſingle life wou'd be inſufficient. *Tis almoſt incredible what 
variety of vegerables the earth produces: botaniſts have, long ago, enumerated 
ſix thouſand; and many more have been fince diſcover d. I lately had a pecu- 
liar and excellent kind of pepper ſent me from ca, the ſhell whereof taſtes 
like cinnamon, but ſmells like cloves ; a * e unknown to the botaniſts of 
our country. Whole treatiſes however, have appear d upon ſingle plants. 

/on, according to Pliny, publiſh'd a volume upon plantain; lochus one 
upon treſoil and hadder; and king Juba another about a ſpecies of water-lilly. 
To come to later times, Carolus Roſenbergius wrote a book upon roſes, and Martinus 
Blochwitins one about elder. Among the chymiſts Angelus Sala publiſh'd ſeparate 
treatiſes of vitriol, tartar, and ſugar. Untzerus too, wrote particular tracts 
upon mercury, ſulphur, and ſalt; as did alſo. Paraceſſus upon St. John wort, 
arſmart, hellebore, and ſome other plants. Baſil Valentine, a candid chymiſt, pub- 
Lſb'd an excellent treatiſe of antimony, which was afterwards improved upon by 
Angelus Sala; nor were there wanting many other uſeful treatiſes of the ſame 
ſubject, to confirm Baſil Valentine's ſaying, „ 'Tis impoſſible for one man to 
& diſcover all that is diſcoverable in antimony ”. As a farther confirmation where- 
of, I, my ſelf, lately directed the drawing of an actual quickſilver of antimony, 
very different from any I had before met with. I have, likewiſe, a peculiar 
way of ſeparating from this drug a combuſtible body that is ſcarce diſtinguiſh- 

from common brimſtone ; and gain a menſtruum by diſtilling — 
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Þ verdigreaſe in a ſtrong, naked fire, which makes a blood-red tinQure of the gli, 
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of antimony much more ex itiouſly than that uſed by Valentine and his follow- 
ers. This menſtrum alſo being drawn off, leaves a calx that will yield a red 
tincture with ſpirit of wine. 

When chymiſts expoſe ſeveral conſiſtent, but not fix d bodies, to the action 
of the fire, they uſually do it in veſſels, either open, as when they make calx, 
or glaſs of antimony, or, at leaſt, in ſuch as are not ſo cloſe, but that air is 
included with the matter; and tho — regard not this included air, becauſe 
uſually there is not much of it in the veſſel, yet it may have a conſiderable in- 
fluence on the effects of the fire; not only as it contributes to the aſcent and 
ſuſtentation of the diſſipated parts of the mineral, but as it affords theſe corpuſcles 
opportunity to fly about in it, and thereby to make aſſociations or coalitions 

concretions that otherwiſe would not be produc d. Upon this account, it 
may often be of uſe to employ a method, to ſecure the expos'd to the 
action _— the _ ere the — of —— og — parts of the 
body, the 191 cles, will uced to act reci u 
one e — any coaldereble diſſipation, or — „ — 

To apply this to antimony, we take of that mineral well powder'd, and 
of white chalk well dry'd, reduc'd likewiſe to powder; with theſe in a large 
earthen pot or crucible, we make ſeveral layers, leaving the lower and uppermoſt 
bed of chalk, and the laſt thicker than any of the reſt; and taking care that none 
of the layers of antimony are too thick, that the heat may penetrate them the 
better; we cover the veſſel, put it among the kindled coals of a digeſtive furnace, 
and there — * for a competent time; which, according, to the bigneſs of the 
pot and the ſtrength of the fire, may be a day and a half, and ſometimes above 


two days. 
But to proceed, the learned Kircher has given us a folio volume of light and 


ſhadows, and a quarto upon the load-ſtone; yet our Gilbert, and fince him Cabews 
wrote on the ſame ſubject; which tho Kircher has more lately proſecuted in a 
voluminous work, I am of opinion there's room enough left for farther improve- 
ment; having my felt very lately made a remarkable experiment with that won- 
derful ſtone. | 

Even the ſmalleſt productions of nature may ſollicit and reward our inquiries. 
Pliny, treating of inſets, is tranſported with admiration at the workmanſhip 
ſhewn in them „ The contrivance of nature, ſays he, is no where more con- 
« ſpicuous or more viſibly collected than in theſe minute creatures And after 
this he handſomely admoniſhes his reader that no ſubje& of natural knowledge 
is contemptible or ſuperfluous. From conſidering the skin on the ſole of the foot 
Galen admired the wiſdom of God; and he excellently faid . tho' ſome creatures 
« ſeem made of coarſer materials than others, yet the maker's art ſhines through 
te the deſpicableneſs of the vileſt matter: the ignorant indeed, admire the beauty 
of the materials, bur artiſts are ſtruck with the workmanſhip of things. And 
Ariſtotle coming to treat of the parts of animals prevents his reader from thinking 
the meanneſs of the ſubject ſhould render it deſpicable. Nay, the haughty Paracelſus 
condeſcended to write a book about the m ſeries of worms, wherein he juſtly 
reprchends the lazineſs and pride of thoſe phyſicians . who neglect and * 
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« all inquiries into nature, and receive the fruits thereof from others with ſcorn 
and deriſion he adds, ** God has created nothing fo vile or deſpicable that may 
« not turn to the uſe of man And certainly whatever God has thought 
fit to make'we ſhould not think unworthy to know ; for a human mind can- 
not be debaſed by a notion of what was form'd according to a divine idea: and 
therefore, Solowor treated as well of reptils as of nobler] animals, as well of the 7 
ezob on the wall as the cedars of Lehawon. And durſt I propole my own . 
actions for examples, I ſhou'd ſay, tho my condition, God 24 enables 

to | 


me to make exper by other hands, yet have I never ref diſſect any 7 
kind of 3 my laboratory, to handle lute and charcoal. 4 
But farther, philoſophy is not only delightful as it brings us acquainted wii 


ue e nature, but alſo as it often inſtructs us to command her; for naturaliſt 
die. knows many things of which others are ignorant, and performs what they cans 
not; becauſe he not only underſtands, but in ſome meaſure, imitates, multiplies 
and improves ſeyeral of her extraordinary works. And how naturally we affect 
the uſe of this power may be ſeen in children, who, from a ſeeming innate pro- 
penſity, delight in endeavouring to change the productions of nature. And fo 
extenſive is the naturaliſt's power, tho he cannot produce one atom of matter, 
that he can introduce numberleſs forms and work ſurprizing changes among 


bodies: ſo that were Adem to revive and ſurvey that vaſt of man's 
productions Auer he would admire to ſee 
What a new world had, by the induſtry of his poſterity, been added to the 


old one. 
Tis true, indeed, man * the 888 and Nee 
ts to patients, yet is skill in ſuch application ins dominion 
—4 — 4 ul of ſtronger than bimiclf and * orm 
ſuch things as to another man ſhall appear aſtoniſhing. Thus the poor Indians 
thought the Spaniards more than men becauſe their knowledge of gun-powder 
enabled them to thunder and lighten deſtructively. And this empire of man 
over the creatures may to a ſound, philoſophical mind prove more ſatisfactory 
than that for which bloody conteſts frequently ariſe ; for the latter being only 
a gift of nature, or a preſent of fortune, and often the purchaſe of crimes, ar- 
gues no real ſuperiority in the poſſeſſor; but the latter is a power becoming 
man as man. Perhaps alſo, the ſurprizing things perform'd by an ingenious man 
give him a higher ſatisfaction as being e 
inſtances of his power or means of increaſing his wealth. 


Fr —C——__ 
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Whether nother advantage of philoſophy, we faid, was the raiſing and cheriſh- 
„ A our devotion But many eminent divines, it ſeems, out of an holy jea- 
louſy for religion, repreſent this ſtudy as unbecoming a chriſtian, and leading 


I 
== 
> 
—_ 
1 
1 
A 
7 18 
£ _ 
2 
= . 


* 
4 


The Uſefulneſs of Philoſophy. 9 


to atheiſm ; * becauſe, ſay they, by enabling men to account ſor all * 


= cc appearances from ſecon cauſes, it brings them to disbelieve a firſt '*; which 


objection, were it well grounded, wou'd cauſe me to condemn what I am now 
recommending: for. I had much rather have men chriſtians, and ignorant of 


© nature's myſteries, than philoſophers, and deny the author of nature. Now, 


f tho a well-meant zeal may defend the perſons of theſe gentlemen; yet their 


daoctrine has too bad a tendency to be left unanſwer' d. But not to mix too 


much divinity with a philoſophical diſcourſe, I ſhall here only give the heads 
= of a * 2 5 
And firſt, tho' it were preſumption in man, © who is but of yeſterday”, to —— 
pretend to aſſign all the ends of God in the work of creation; yet ſurely it may — * the world. 
fumbly be ſuppoſed, that two principal deſigns of his creating this ſyſtem, were 
the manifeſtation of his own glory and the good of mankind ; becauſe facred writ, 
in abundance of paſſages, aſſures us of the former ; not to mention heathen authorities. 
And that none of God's works might want intelligent ſpectators, tho* man was 
not formed till the ſixth day, the angels, as tis generally ſuppoſed, were created 
on the firſt. The other deſign appears from the time of man's creation, which was 
kindly deferr d till all things were prepared for his reception; from the commiſſion 
given him «© to repleniſh the earth and ſubdue it“; by the placing of noble lu- 
minaries © to give light upon the earth, and divide between the day and the 
« night ” ; the ſame is alſo farther confirmed by other texts of Scripture. And 
accordingly, God cauſed the ſun to ſtand ſtill at one time, to go back at ano- 
ther, an has frequently either ſuſpended or alter'd the laws — other parts of 
the univerſe, ſor the inſtruction or benefit of man. On the other hand, upon 
Adam's tranſgreſſion the rms was immediately “ curſed for his fake”; even 
the face of the earth was deſtroy d for the ſins of Sodom; and the other animals 
as well as men periſh'd, in the deluge. So alſo © in the laſt days, when the earth 
« ſhall be repleniſh'd with ſcoffers, unexpected flames will either deſtroy or tranſ- 
form the world. 
The fame is evident alſo from reaſon; for as in this viſible world, man alone 
is capable of enjoying many of the other creatures; and of diſcerning the excellence 
of the creator in them; 'tis plain they were made for man. Tis not for 
themſelves, that rubies flame or diamonds ſparkle; that bezoar is antidotal, or 
that trees are yearly exhauſted in profuſion. That light the ſun around diffu- 
ſes, is uſeleſs to himſelf, an inanimate Being; but entitles him miniſter to the 
ſyſtem. Animals alone, among the creatures, have a ſenſe of their own exiſtence, 
and of theſe, only man acknowledges all the reſt ro be the gift of God, 
and glorifies him for them; a truth acknowleJg'd by Chriſtians, eus, and Hea- 
thens, The inference I wou'd make from all which is, that, whoever derers 
men from ſtudying nature, would fruſtrate Ged of the above-mention d ends 
of creation. For beſides that the corporeal delight and advantage we are capable 
of receiving, muſt be greatly obſtructed through ignorance of natural philoſophy, 
as will hereafter be made evident; our ſpiritual happineſs depending upon religi- 
on, the greateſt benefit we can receive from the things of this world, is their 1n- 
creaſing and cheriſhing this grand principle, and thereby rendering us acceptable 
to God; and both theſe effects they were, doubtleſs, delign'd to have on us, 
V 01. I. C 3 For , 
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For, to ſuppoſe innumerable creatures ſent into-the world only to feed and pleaſe 


mankind, but not to afford them any inſtruction, is like imagining a prudent 
merchant wou d furniſh his friends with numberleſs curioſities and neceſſaries for 
a voyage, without allowing them the uſe of a ſea-chart or compaſs. 

Moreover, God himſelf lays us almoſt under a neceſſity of inquiring into his 
works. The book of Geneſis begins with a deſcription thereof, and deſcends to a detail 
of each day's proceedings in the creation and tho the ſcripture uſually condeſcends to 
the conceptions of the vulgar, yet the two firſt chapters of Geneſis perhaps afford 
finer hints of natural philoſophy than men are hitherto apprized of *. Beſide, there 
are many texts in ſacred writ unintelligible without a previous knowledge in natural 
philoſophy. Many paſſages therein allude to the properties of animals, as that 
precept of our Saviour, © be ye wiſe as ſerpents, and harmleſs as doves. And 
Jo neceſſary has natural knowledge been thought to illuſtrate texts in ſcripture, 
that abundance of learned men have publiſh'd whole treatiſes of the animals, 
ſtones, and other works of nature mentiond in that book. Nor ſhou'd the theme 
be diſcontinued, for there remain many paſſages of it not to be underſtood without 

ting deep into nature's myſteries. 


The attributes of But to come to the attributes of God, manifeſted in his creatures; the moſt 


: God manifeſt in 


fois creatures. 


conſpicuous are his power, his wiſdom and his goodneſs; and the ſame may 
alſo, tho* differently and more obſcurely, be found in the bible. How eminently 
is the firſt of theſe diſplay d in making all things out of nothing; and, without 
materials, raiſing this immenſe fabric, whoſe dimenſions are ſo prodigious, that 
even a mathematical demonſtration can hardly render them credible? To paſs 


by — — and whales, mountains and ſeas, as inconſiderable objects, the globe 
e 


it, tho by the common computation, no lefs than 22,600 alias miles 


* Theſe hints ſeem to have been well conſi- 
der'd and employ'd by the Rev4. Mr. Whiſton, 
who, from them and the Newtonian ſyſtem of 
philoſophy, has nobly attempted to give a rati- 
onal and philoſophical acccount of the creation, 
in agreement with the Moſaic hiſtory of it. This 
author firſt ſuppoſes that the Moſaic creation is a 
bare hiſtorical narrative of nothing but the for- 
mation of the earth out of a chaos, and of the 
ſucceſſive viſible changes, each day made therein, 
till it became a fit habitation for mankind ; and 
that this hiſtory is to be underſtood in the ob- 
vious literal ſenſe, unleſs where an evident rea- 
ſon can be given for the contrary, He then 
proceeds to ſhew, that the rudiments of the 
earth were the atmoſphere of a comet; that 
the annual motion of the earth commenced at 
the beginning of the Moſaic creation, but its di- 
urnal rotation not till after the fall of man; that 
the orbit of the earth was a perfect circle be- 
tore the deluge; that all the ſmall bodies which 
compoſe the earth, being originally in a mix d 
confuſed fluid ſtate, were the chaos; that the 
upper regions thereof, before the beginning of 


% 


the Moſaic creation, were involved in a thick 
darkneſs, which diſſipated, by as the 
8 of the chaos ſubſided, according to their 
— en gravity. The firſt day's work was accor- 

ing to our author, the production of light, or the 
ſucceſſive arrival of ſome of the ſun's rays to all 
1 of the earth; on the ſecond day the air 
with its vapour was elevated and ſpread out a- 
bove the earth; on the third the inferior wa- 
ters — collected into ſeas, —— dry land 
appear d with its vegetable productions, va- 
pour in the air being ſufficiently rarified : on the 
fourth the celeſtial bodies became viſible. And 
now the terraqueous globe being habitable, fiſh 
and fowl were produced on the fifth day, land 
animals on the fixth; and laſtly man. But 
Mr. Whifton will not allow the earth to be fo 
haſty a production as is uſually ſuppoſed; for he 
endeayours to ſhew, that, as at firſt, it had no di- 
urnal rotation; ſo what Moſes calls days were 
in reality years. The reader, who defires far- 
ther ſatisfaction, may conſult the ſecond edition 


of Mr. Whifton's New Theory of the Earth. 
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in circumſerence, is but a point compared to the ſumament; as we learn from 


the parallax of the fix d ſtars. And according to Prolemy, the ſun is not only 
166 times bigger than the earth, tho the diſtance berween them be 1165 of 
the earths ſemidiameters ; that is by Gaſſendis's compuration, ſo many times 4177 
miles; bur alſo that the ſmalleſt fix'd ſtars are conjectured to be 18, and the 
largeſt 1o8 times bigger than the earth. The Copernicans carry their computa- 
tions higher, for Philippus Lansbergins ſuppoſes the earth's orbit, the ſemidiameter 
whereof is computed 1500 times bigger than the earth's, to be but a point 
in regard of the fix'd ſtars, which he takes to be removed from the earth 

2,000,000 of its ſemidiameters, or 175,434, 000, ooo miles; a ſurprizing di- 
— * And tho' we allow for inaccuracies, and the differencies of oblervati- 
ons, whence ſuch computations are made; yet as the fix'd ſtars are perhaps placed 
ſuch different diſtances from the earth, that tho' they appear different, yet they 
may all be equal in magnitude, the earth can be bur a point in reſpe&to the heavens. 

The next attribute of God, his wiſdom ſhines fo ſtrongly in his creatures, 
that an intelligent ſpectator, conſidering them in any derermin'd view, cannot 
fail to diſcover ir. So endleſs a multitude and variety of birds, beaſts, fiſhes, 
reptils, herbs, ſhrubs, trees, ſtones, metals, minerals, ſtars, &c. each whereof is 
perfectly enabled to anſwer the ends of its creation, beſpeak a wiſdom infi- 
nite, and extort the exclamation of the P/almift, “How manifoldare thy works, 
O Lord; in wiſdom has thou made them all”. And how highly ſoever ſome 
naturaliſts may value themſelves, yet the utmoſt they can do, is to underſtand 
and applaud, without rivalling, the works of the Almighty. For as a novice, 
when a curious watch is taken to pieces before him, may diſcern the excellence 
of the contrivance, without being able to make ſo artificial a machine; fo the 
anatomiſt, by frequent diſſections, learns the admirable ſtructure and uſe of 
the parts of a human body, tho' he cou'd not before deviſe how all the animal 
functions might ſo well be perform d. 

Thus, late experiments having ſhewn the uſe of the blood's circulation, and 
of the valves in the heart and veins, ( which, the famous Dr. Harvey told me, 
gave him the firſt hint of his grand diſcovery ) we at length acknowledge the 


In the year 1720. M. Caſſini, by the com- 
mand of the King of France, exactly meaſured ſe 
ven degrees and a half on the earth's ſurface, where- 
by he found, ſuppoſing the earth to be a ſphere. 
one depree to contain 343,752 French feet, which 
agrees as exactly as cou'd well be expected with the 
former menſuration made by M. Picart, where 
by there are allow'd 342.360 feet to a degree 
and with that of Mr. Norwood, which atligns 
367,196 Engliſh feet to the ſame. Hence the 
circumference is 123,750,720 French feet ; and 
ſuppoling the earth a ſphere, its diameter 
29,391,077 feet. But the earth being higher at 
the equator than at the poles, Sir Iſaac Newton 
makes its greateſt ſemidiameter 19,767,630, 


C2 


and its leaſt 19,609,820 French feet. The pro- 
portion of the Engliſh foot to the French, is 
nearly as fifteen to tixteen. ' See Newton. Princip. 
Edit. 2. p. 378, 387. Memoir. de Þ Acad. Roy. 
Ed. Amft, A. 1701. The diſtance of the earth 
from the ſun is now computed at 81,000,000. 
miles; and the modern aſtronomers allow the ſun 
to be in magnitude 900,000, and in quantity of 
matter 230, oo times bigger than the earth. 
The fixed ſtars are each ſuppoſed the ſun of a 
ſyſtem like this of ours; and ſuppoling their pa- 
rallax 45 to be diſtant from the ſun, about 
oo, ooo, o 0,002 miles. See Huygen. Crſmoth. 
p. 14. 135. Newton. Princip. p. 482. and Phi- 
loſoph. Tranſact. Ne 209. p. 101. 


wiſdom 
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Hi, wiſdom. 
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wiſdom of the contrivance, after it had eſcaped the ſearch of many preceding 
es. 
And tho' God's greater works declare his great power and wiſdom, yet the 
latter is no leſs manifeſt even in the ſmalleſt creatures. For, as the skilful Pro- 
tagorat, by the extreme neatneſs and almoſt undiſcernible fineneſs of a ſtroke, diſco- 
ver'd it to come {rom the hand of Apelles; ſo God in theſe minute creatures often 
draws traces of omniſcience too delicate to be aſcribed to any other cauſe. Ele- 
phants to me appear leſs admirable than moles, whoſe eyes are manifeſtly deſign'd 
to ſee only the light, not other objects, by its means; and whoſe feet are adapted 
to dig themſelves a way under ground. And however meanly the vulgar may think 


of ſome minute creatures, my curioſity, I own, determines me to the ſmaller 


kind. A gentleman, return'd from Famaica, told me he had ſeen in that iſland 
a great number of trees, which bear the filk-cotton, and found many of them 
to ſurpaſs, in bulk and height, the larger ſort of our Engliſſß oaks ; and that on a 
mountain, which many, out of curioſity, went to viſit, he ſaw a ſtupendous ſilk- 
cotton tree, that was twenty one yards circumference in the body. The fame 
perſon aſſured me he ſaw a cannow made of the hollow trunk of one of theſe 
trees, which, after all that had been taken off to give it the ſhape of a veſſel fir 
for ſervice, was thirty feet about, and of a proportionable length. But the 
humble ſenſitive plant and abject load-ſtone, delight me more than lofty oaks or 
monſtrous rocks. An ant-hill has given me 8 than the Aps; which 
leſſens my admiration, that the ant was an object of Solomon's contemplation. 
The filk-worm raiſes my wonder more than thoſe outlandiſh monſters, which 
multitudes flock and pay to ſee. Tis true, ſeas and mountains, with other 
immenſe productions of nature, proclaim God's power; but the curious contri- 
vance of ſome animals, fo ſmall, that they ſeem all workmanſhip, demonſtrates 
his wiſdom no leſs than thoſe ; ſo that not only © his greatneſs, but alſo his un- 
cc derſtanding is unſearchable. Add to this, the inconceivable variety there is of 
animals, in N contrivance the great former of all things has diſplay d an almoſt 
equal skill. Such reports are given us of the immenſe bulk of elephants, that 
they ſeem incredible. Gaſſendus tells us of one in the year 163 1 that weigh'd near 
5000 Roman pounds, of twelve ounces each; which appears probable from the big- 
neſs of ſome elephants teeth; one of which, according to Linſchoten, will wei 

200 pounds, tho each pound conſiſt of twenty four ounces. On the other 
hand, nor to mention that animal, bred in wax, ſuppoſed by 4riſforle the leaſt in 


nature; compare a cheeſe-mite of near a grain in weight, tho ſeveral together 


will ſcarce equal that, to the ſmall elephant abovemention'd, and you'll find 
him exceed the mire near 28,800,000 times. Notwithſtanding this, the 
limbs, and even the hairs growing on the legs of this minute creature, have thro' 


a microſcope appear d diſtinctly to my ſelf and others. Conſider now, what delicate 


skill it requires to contract into ſo ſmall a compaſs the numerous parts of this little 
creature; to aſſign the proper number of them to its eyes and other organs of 
ſenſe; to its head, ſtomach, and inteſtines, &c. and how exceeding ſubtile that nervous 
fluid muſt be which moves ſuch little limbs. But farther ſtill; as we have found 
theſe ſmall creatures to be batch d from eggs, if the proceſs imitates that of chick- 
ens, how very minute mult be their recently animated parts; for in the eggs of 

hens, 
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hens, I have ſeen the limbs of the live chick clearly delineated, whilſt it kept 


ſo cloſe between the White and the yolk, where *tis generated, that they both 

d entire, and included in their reſpective membranes. *Tis furprizing what 
valtly diſproportionate maſſes of matter God has form'd into living creatures. 
To paſs by other accounts of whales, Fo. Faber Lynceus ſaw, in the year 1624, a 
dead one, thrown up near Santa Severa, about thirty miles from Rome, that mea- 
ſured ninety one palms in length, and fifty in thickneſs ; with a mouth capable 
of admitting a man on horſeback, and a tongue the length of I He 
adds, vary Am = before this, there was another thrown on the iſland Cor/icas 
near the coaſt o — an hundred feet long, big with a cub of thirty. feet, that 
weigh'd 1500 pounds. But to ſhew the diſproportion between this kind of fiſh 
and common elephants, the ſolid fat, alone, of the whale weigh'd, ſays our au- 
thor, 135,000 pounds”, that is twenty ſeven times more than the whole ele- 
phant mention d by Gaſſendus. And as the creator has made fiſh of ſuch an e- 
normous ſize, that the ocean ſeems only a fuitable pond for them; he has alſo 
framed others that live in fluids, fo inconceivably ſmall, that many thouſands of 
em will not amount to a grain in weight. For by the help of a good micro- 
ſcope, comparing one of thoſe creatures found in vinegar, with a cheeſe- mite, 
we thought the fiſh almoſt as ſlender as one of the legs of the mite. Conſi- 
dering, therefore, what a vaſt quantity of matter the creator can faſhion into a 
whale, and in how little compaſs he can contrive all the parts that conſtitute a 
fiſh, we muſt ſay with the P/almiff, c there is none like unto thee, O Lord, 
«« neither are there any works like unto thy works 
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The third attribute of God manifeſted in the creation, is his goodneſs; where- r, ,,, au. 


of every creature partakes, both in its firſt exiſtence, and preſervation of its ſtate, 
till ſome higer end calls for its diſſolution. But this goodneſs is chiefly conſpicu- 
ous in animals, who, tho' ſome of em don t more acknowledge, are yet more 
capable of enjoying his bounty, than inanimate Beings. For, omitting that God, 
in ſcripture, is ſtiled, © the preſerver both of man and beaſt **; and that he is ſaid 
« to give food to the young ravens *', what excellent proviſions are made to con- 
tinue the various and numberleſs ſpecies of living creatures? In a more particular 
manner does the goodneſs of God appear towards man, whom he has ured 
with his image, and placed over moſt other viſiblg creatures, which, either by his ſu- 

ior power or knowledge, are render'd ferviceable to him; even the vaſt celeſtiat 
Ladies, tho' immenſely diſtant from us, are, by mathematical skill, brought to 
ſerve our purpoſes ; as to meaſure time, and ſhew the longitudes of places. The 
ſtars afford us light; we breathe the air, and receive the benefits of fire both in the 
kitchen and the laboratory : the earth ſupports our buildings, the clouds water 
our land, the ſea and winds convey our ſhips to remoteſt regions, and re- 
turn them fraught with all the choiceſt productions of art and. nature; beaſts 
innumerable are deſtin'd ro feed, to cloath and carry us; flowers and jewels to- 
delight and adorn us; fruits to ſuſtain and refreſh us; ſtones and timber to-lodge 


us, and ſimples to cure our diſeaſes; in a word, the whole world is only our 
ine ; and nature ſeems wholly employ'd to accommodate and delight us. 


For, perhaps, there's not a plant or animal, a metal or a mineral, of all that in- 


finite number we poſſeſs, how deſpicable ſoever it may ſeem, which might * 
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by a knowledge of its nature, become ſerviceable to man. The ſparkling dia- 
mond yields in virtue to the dull load-ſtone, that author of commerce to many 
regions of the world; the lion, the eagle, and the whale are, together, leſs uſe- 
ful than that mean inſect the ſilk- worm. And to regard the intrinſic value of 
things, and their medicinal virtues, doubtleſs, we trample upon many, that, did 
we know their uſes, might ſerve the nobleſt ends. For certainly, all the proper- 
ties of concretes, and virtues of common ſimples are not hitherto known; ſince 
new diſcoveries are daily made herein. What a large collection of this kind 
does America afford us? * Many excellent trees and ſhrubs, fays Piſo, beſides 
« plants without number, are here uſually very different in their form, leaves 
<« and fruits from thoſe of the old world: and the ſame holds good of birds, 
s beaſts, fiſh and inſets”. And to give a ſignal inſtance of the latent powers 
in American ſimples; how very effectual has the Peruvian bark been lately found 
both at Rome and London againſt quartan agues For tho' this medicine be depre- 
ciated by ſome, as being rather palliative than curative ; yer according to Sir Ke- 
nelm Dig) tis ſo thro the patients rather than the phy ſician's fault; for he ſo- 
lemnly aſſured me, that of between twenty and thirty perſons, whom he cured 
of quartans by this remedy, not two relapſed. Nor can it be queſtion'd that 
we have unknown plants of extraordinary efficacy at home. I my ſelf have of- 
ten gather'd an unpromiſing plant, called rue-leaved whitlow- graſs, which ſlightly 
infuled in beer, to my knowledge, lately, without pain, and in few days, cured 
a kinſman of Sir Kenelm Digby's of the king's-evil; yet I don't find any botaniſt 
recommend it for that diſtemper. But this bounty of God to man ſeems abated, 
- *tis ſaid, by permitting ſome poiſons. To this it may be replied, that many poi- 

ſonous bodies contain their own antidotes ; and according to Piſs, © tis hard to ſay, 
<« which of the two moſt abound in Braf!. For as the principal poiſons here, are 
<« the leaves, flowers, and fruits of the plants Tangarac and Fuquer, each has its 
cc own root for an antidote; and the natives ſucceisfully apply the fat and heads 
cc of vipers to venomous wounds, or an artificial preparation of the whole bodies 
cc of the creatures that gave them. Beſides, tis probable that human art might 
reduce all ſuch bodies into uſeful medicines : at leaſt, the advantages already 
gain d by a proper management of antimony and quick-filver may encourage us 
to hope ſo. Opium is by phyſicians rank'd among poiſons, yet it affords ſuch 
remedies as they would be ſorry to want. Oil of — is not only an anti- 
dote for the ſting of that creature, but is alſo good in other caſes. To give only 
one inſtance more, the root Mandihoca, common throughout the Veſt-Lndies, 
which tho' of itſelf it be deadly poiſon, is one of the moſt uſeſul things that 
country produces; for by an eaſy preparation, it affords not only many popu- 
bus nations their bread, which from its taſt, and colour I judge good; and to 
ſome of them no ſmall part of their drink; but an antidote alſo. 

What farther manifeſts God's goodneſs to man is, that the creatures not only 
delight and accommodate, but alſo ſerve to inſtru&t him; for nature every where 
lays leſſons before us; which if we diſregard, we loſe the great benefit deſign d 
to our nobler part, the ſoul. We ſhou'd not, ſays St. Auſtin, uſe our eyes, 
ce like brutes, to provide for the belly, not the mind, but as men, to behold 
< the heavens, and the work of nature, and thence diſcover their author 


Laſtly, 


The Uſefulneſs of Philo ſophy. 15 
L.aſtly, the creatures not only demonſtrate the being and attributes of God, 
but likewiſe remind us of our duty; for God informs us hereof no leſs by his 
works, than his word; thus the rain-bow, for inſtance, was deſign'd to ſhew his 
goodneſs to all nations, and prevent their expecting a ſecond deluge. *T'was a 
truly great ſaying of Plato, The world is God's epiſtle to mankind” ; for 
God, accordingly, by Solomon, ſends the ſluggard to learn induſtry of the ant; 
and Chriſt commands his diſciples ro learn prudence and inoffenſiveneſs from ſer- 
pents and doves; he bids them alſo conſider the lilies of the field, in order to 
acquire a firm reliance upon God. St. Paul, rebuking the Corinthians for their 
weak faith as to the reſurrection, bids them reflect on the ſowing of corn; and the 
P/almift grows humble by contemplating the higheſt works of nature: « When 
&« I conſider, ſays he, the heavens the work of thy fingers, the moon and ſtars 
« which thou haſt ordain'd, what is man that thou viſiteſt him? Hence it ap- 
„that God deſign'd the world not only as a palace for men to reſide in, 
t alſo for a ſchool of virtue to bring them to eternal felicity. ob. 


— „— — — _—_—_—_—_ 
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| J* ſhewn how the ſtudy of nature promotes both the tem Whether a fer 
an ſpiriewal ao mund 18 us next Dr whether a ern 82 
to natural inquiries would not tend to deprive God of the glory that is due to 1 2 
him. And certainly, we can never praiſe and admire him for thoſe works ; 
which we think it pernicious or dangerous to confider. But the works of 
God are not like pompous pageants, or the tricks of juglers, where concealment 
is requiſite to wonder: our admiration always riſes here, in proportion to 
our knowledge; becauſe the farther we contemplate, the more ſigns we diſ- 
cover of the author's perfection: and even our utmoſt ſcrutiny can give us but 
a faint veneration of his omniſcience. For, however obvious his exiſtence 
appears, it requires a cloſe and philoſophical conſideration to ſhew he has diſ- 
d in the creatures a power, wiſdom and goodneſs worthy of himſelf. What 
di t ideas of his wiſdom ariſe from the conſideration of to a naturaliſt, 
who has traced the cicatricula to the formation of the chick ; = one who only 
knows their common uſe ? As God therefore, delights to be honoured in all our 
faculties, and conſequently in that of reaſon, as well as faith, there will appear 
an immenſe difference between that general, confuſed, and indolent idea we uſu- 
frame of his power and wiſdom, and thoſe diſtinct, rational and affecting 
ones of his attributes, which may be gain'd by an attentive inſpection of the 
creatures, that were chiefly made for this very purpoſe. The queen of Sheba 
had, in her own country, conceived very highly of Solomon's wiſdom, yet ſhe 
undertook a journey to become an eye-witnels of its effects; and finding them in- 


finitely to ſurpaſs what fame had related, confeſs d it in a pathetic exſtacy. 
| Admi- 
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| Admirable is the ſaying of Hermes Triſmegiſtns to his ſon, . There's is no re. 
ct ligion more juſt than to know the things that are, and to return thanks for 
« all things to him that made them. Be pious and religious, O my child, 
cc for that is the beſt and higheſt philoſophy *'. And, perhaps, our more nume- 
rous wants and appetites were deſigu d to ſpur us on to ſcrutinize and ranſack 
nature, that ſo we might make larger diſcoveries of the omniſcient author, than 
other creatures. | | 
Io illuſtrate this point the farther, we may remember that philoſophers have 
dlmoſt univerſally conſider d the world as a temple : not only Plutarch, Cicero, 
and Seneca, but Philo the Few is expreſs to this purpoſe. As for Chriſtian philo- 
hers, it were endleſs to cite them upon this head ; and even the ſcripture itſelf 
es the ſame figure of ſpeech. Suppoſing then, the world to be a temple, I 
would infer that man is the prieſt to officiate therein; and conſequently bound, 
as being the head creature here, to return thanks and praiſes to his maker, both 
For himſelf and the whole creation. And ſurely tis very unbecoming, that God's 
mercy alone, becauſe moſt beneficial to us, ſhould engroſs all our thoughts, 
whilk his power and wiſdom, attributes equal to the former, becauſe all of them 
are infinite, remain neglected; tho theſe commanded the adoration both of man 
and angels, before fin occaſion d the exerciſe of the other. For my own part, 
I dare not thus limit my devotion, tho I would not undervalue the meaneſt 
act thereof that ſtands recommended either by ſcripture or reaſon ; ſtill I muſt 
think that God is acc y, and, perhaps, more nobly, ſerved by conceiving 
high, rational and y notions, with a ſuitable adoration, of thoſe divine 
attributes for manifeſtation whereof this vaſt fabric was erected. 

From hence, methinks tis plain, that to hinder the progreſs of natural know- 
ledge detracts from God's glory as well as obſtructs man's felicity. I will, how- 
ever, go a ſtep farther, to ſhew that neither reaſon, ſcripture, nor experience can 
countenance ſuch an attempt. | 

And firſt, did the author of nature know that the contemplation of his works led 
to a disbelief of his being and attributes, he wou d, ſurely, never have invited 
and preſſed mankind thereto ſo, ſtrongly as we ſee he does; for beſides the 
follicitations already mention d, the ſabbath ſeems originally inſtituted to comme- 
morate the creation, and give men a frequent opportunity to contemplate God in his 
works. And the primitive Chriſtians, accordingly, celebrated as well the creation 
on the ſaturday, as the redemption on the ſunday ; which practice, tho the weſtern 
churches have long ſince dropp'd, is, I am intorm'd, till retain'd in many of the 
eaſtern. Moreover, whoever ſhall duly conſider the bible, particularly the books 
of Fob and the Pſalms, will find a greater harmony between philoſophy and 
divinity, than our opponents imagine. St. Paul tells us, „the inviſible things 
of God, from the creation of the world, are clearly ſeen ; being underſtood by 
ee the things that are made, even his eternal power and god-head *. Nay, ſo far 
is the ſtudy of nature from leading to atheiſm, that Fob expreſly ſays, „Ask now 
< the beaſts and they will teach thee, and the fowls of the air, and they will 
ce tell thee; or ſpeak to the earth and it ſhall teach thee, and the fiſhes of the 
4 fea ſhall declare unto thee. Who knoweth not that in all theſe things the 
4 hand of the Lord hath wrought this? And agreeably hereto, moſt of the moral 

writers 
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writers, and ſuch as labour to demonſtrate the truth of the chriſtian religion, 
undertake to prove the being of a God, from the conſideration of the univerſe, 
and that he » the 8 _ eo 25 

But as philoſophy, you ſay, leads men to atheiſm, by enabling them to ac- 
count for the —_ of nature from ſecond cauſes, 1 will be hard to ſhew 
how, upon this ſuppoſition, it can do ſo; becauſe we are in no wiſe able to 
explain all appearances by any principles whatever. And truly, not only 
the generation of animals remains a myſtery, but, even to explain and adjuſt all 
the phenomena of that apparently homogeneous body, mercury, has hitherto prov'd 
ſo difficult, that, for ought I know, it may ſtill continue inſuperable to the induſtry 
of ages ro come ; for even chymical tortures have hitherto forced no confeſſions 
from this Proteus, but what raiſe almoſt as many difficulties as they ſolve. 


— — * 


8 E C T. IV. 


Eſides thoſe we have been ſpeaking 
boldly relying on the vu paltolophy, and their own ſufficiency, 


taught, and confidently believed among them, are erroneous, and contradict 
to the moſt obvious, as their doctrine is unable to explain To cope AR, 
henomena of nature. 

It is obſervable, that by refuſing to aſcribe any thing to God, men im- 
poſe upon themſelves in thinking an inquiry purſu'd far enough when they 
come to the general cauſe of an appearance, which, tho* more obvious, is no 
better underſtood than the other. Thus, if you ask a reaſon why of all bo- 
dies gold alone ſhould fink in quick-filver ? they anſwer, gold being of all bo- 
dies the only one, that is ſpeci Ry on than quick-filver, tho* they are, 
yet this cannot, by the laws of hydroſtatics, be ſupported therein. But were 
2 curious inquirer, not content with this plauſible anſwer, farther to demand the 
nature and cauſe of gravity, it would, * be hard to ſatisfy him. f 

| And 


This has been ſo very fully and ſat sfa To- 
rily done of late, particularly by means of that 
noble lecture, founded by Mr. Boyle himſelf, to 
defend the chriſtian religion ; that the ſect of 
atheiſts, if ever there was a real one, is entire» 
ly iſh'd and put to filence. Dr. Ben- 
. ppily began to apply the Newtomian 

yſtem to this pur in his admirable Ser- 
mons ; and to the inſtitution tis we owe 
Dr.. Clarke's Demonſtration of the being and 
attributes of God, Mr. Derham's Phyſico-theo- 


logy, Kc: 1 2 
This indeed is an hard queſtion, and Sir 


I/axc Newton himſelf is cautious how he anſwers 
it, At the cloſe of his Principia he tells us, 
he has not hitherto aſſign'd the cauſe of 
gravity, which is a power, however, that pro- 
ceeds from a cauſe teaching even the centres of 
the ſun and p'anets, without loſing it's virtue, 
and that acts not according to the particles of the 
ſurface, like a mechanical cauſe, but accordi 

to the quantity of folid matter in — 
it's action being every way extended to im- 
menſe diſtances, and always decrealing in a dupli- 


cate —— of them. The gravity ot bodies to- 
| the ſun, he farther {ays, is compos'd of their 
gravity 


71 


of, there is another ſort of men, who, ge 
pre- clades a deity a- 


tend to exclude a deity out of the world; tho many points, magiſterially * 
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tional creatures ſuch actions as manifeſtly 
elſe to allow, with us, that ſuch creatures perform them by the direction of a 
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And, doubtleſs, tho' the immediate cauſes of many effects in nature are eaſi- 
ly aſſignable; yet upon farther inquiring into the cauſes of thoſe cauſes, till 
we arrive at the primary ones, we, perhaps, ſhall find them to depend on ſuch 

affections of the ſmall particles of matter, or ſuch a joint conſpiracy of 
the ſeveral parts of the univerſe, as it would be impoſſible to account for, with- 
out recourſe to an intelligent agent. For the followers of Axiſtotle delude both 
themſelves and others, in pretending to aſſign reaſons for abundance of effects. 
And not to inſtance in ſuch abſtruſities as they refer to ſympathy, antipathy, 
and occult cauſes ; let us take ſome obvious phenomena, as that of ſuction, or 
the Menſes; the former they aſcribe to nature's abhorrence of a vacuum, and 
the latter to her providence, left after puberty the body ſhould be overloaded, 


and fit nutriment be wanting to the fœtus, in geſtation : ſolutions no way farisfaCtory 
toa Tt e inquirer; for both of them ſuppoſe, either the world to be endow'd 
a ki 


with of ſou}; or that there are. intelligent principles in inanimate bodies. Beſides 
theſe, there are numberleſs other queſtions, relating to the parts of human bodies, the 
cauſes and cures of diſeaſes, &c. which they often anſwer by ſaying, © nature does fo 
and fo, becauſe tis fit ſhe ſhou'd** ; without ever explainin 2 they mean by 
nature, or how inanimate bodies can act for certain ends: they ought, therefore, 
till their own hypotheſis is more intelligible, either to ceaſe aſcribing to irra- 
proceed from reaſon and choice; or 


wiſe author of things. | | 
And tho' I muſt own that ſome actions, which, perhaps, are peculiar to man, 
ſeem inexplicable by mechanical. principles; yet, with regard to other effects of 
nature, we may ſuppoſe, that when God determin'd to make this world, he di- 
vided the matter he had provided into numberleſs particles of various figures; 
which duly rang'd, connected, and thrown into proper motions, regularly ex- 
hibit, by the continuance hereof, all the deſtin d phenomena 01 the uni- 
verſe, as well as if each creature employ d, acted with knowledge and deſign, or 
an intelligent Being diffus d thro' che whole, preſided over, directed all the 
parts, according to the laws originally eſtabliſh'd. Thus a curious compound 
engine regularly performs its office, whilſt all the component thereof, as 
if animated by a common principle, conſpire to accompliſh the maker's end. 
*Tis in a ſenſe le hereto, that I always uſe the common phraſes in phi- 
loſophy: as for inſtance, when I ſay an heavy body tends to the earth's centre, 
1 don't mean that mathematical point has the power to attract it, but that, either the 


pravity towardsall it? particles, and in going from 
the ſun decreaſes exactly in a duplicate proportior 
of the diſtance to the orbit of Saturn, and even 
the fartheſt aphelia the comete, if thoſe aphelia are 
at reſt ; but the reaſon of theſe ies of 
gravity I could never hitherto, ſays dir Iſaae, de- 

ace from phenomena, and am unwilling to 
frame hypotheſes about them ; for whatever is 
not deduced from phenomena ought to be called 
an hypotheſis and no ſort of hypotheſes are allow. 


able in experimental philoſophy, wherein propoſi- 
tions are deduced from phenomena, and made ge- 
neral by induction. Thus the impenetrability, 
the mobility, the moment of bodies, the laws of 
motion and gravity were diſcover d. And it 
is enough that gravity has a real exiſtence, and 
acts _— to ſuch laws as we have deliver'd, 
and that it ſuffices to produce all the motions 
of the celeſtial bodies, and of our ſea. See 


| Newton. Princip. Ed. 2. p. 483, 484. 
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netical effluvia of the earth, the preſſure of ſome ſubtile matter, * or whats 
ever elſe be the cauſe of gravity, ſo far determines the heavy body downwards, 
that if all obſtacles be remov d, it will directly fall to the earth's ſurface. In the ſame 
manner the hand of a clock might be ſaid to affect a circular motion, tho' the metal tis 


made of be indifferent to 


motion, becifffe the ſtructure of the machine ſo 


determines it; and tho* this motion be ſtopp d, yet the hand may ſtill be faid 
to have a tendency to the ſame motion, becauſe, upon removing the obſtacle, 
'twill proceed therein. Vet do I not reject ſuch current expreſſions as theſe C nature 


Mr. Boyle here, and in ſeveral other parts of 
his works, ſeems to have entertain'd an opinion 
as to the cauſe of gravity, and of many abſtruſe 
phenomena of nature, like what Sir 1/aac New- 
ton hints in the concluſion of his Principia, and 
more fully inſiſts upon in the queries annexed 
to his optics, of a very ſubtile matter that per- 
vades al groſs bodies, and lies concealed in them, 
by the force and actions whereof the particles 
of bodies attract one another at very ſmall di- 
ſtances, and cohere when they come to be conti. 

ous; whereby electrical bodies act at greater 

iſtances as well by repelling as attract ing ſuch ſub- 
ſtances as are near them; whereby light is emitted, 
reflected. refracted, iuflected, and gives heat to 
bodies; and, laſtly, whereby ſenſation is excited 
and the voluntary actions of animals perform'd. 
But tho? ſeveral experiments and obſervations of 
Mr. Foyle ſeem to infer, or require ſuch an a. 
gent; yet, I find not that he imagin'd it ſo u- 
niverſal, and to have all the properties which are 
by Sir Iſaac Newton aſcribed to it, From what par- 
ticular experiments it's ſeveral neceſſary proper- 
ties are deducible, is, perhaps, not eaſy any 
one leſs verſed in the phenomena of nature and 
art than that great philoſopher to ſay; but whoe- 
"_ inquires into the cauſe of the firm coheſion 
the component particles of bodies, which 
are only Jaid — touch but in a few 
points, will, as Sir 1/aac Newton obſerves, find 
a neceſlity of ſomething to attract or preſs them 
towards one another. The ſame thing he ailo 
infers from the coheſion of two poliſh'd mar- 
bles in vacuo, from the ſtanding of quickſilver 
in the barometer, at the height of 50, 60, or 
70 inches, whenever -it is well purged of air, 
and pour d in, ſo that its parts are every way 
contiguous to one- another, and to the glaſs ; for 
the atmoſphere, by its weight, es the quick- 
ſilver into the glaſs to the height of 29 or 30 
inches, and ſome other agent raiſes it higher, 
by making its parts ſtick to the glaſs ; and to 
one another; for by any diſcontinuation of parts 
made by bubbles, or by ſhaking the glaſs, the 
whole mercury falls down to the height of 29 
or 30 inches, The aſcent of liquors between 


laſs or marble plates, and in ſmall glaſs tubes, 
— empty, or filled with oo aſhes, 
which happens as well in vacuo, as in open air, 
are alſo, inſtances to this purpoſe. But farther 
ſays Sir Iſaac Newton, if in two large tall cylin- 
drical veſſels inverted, two little thermometers 
be ſuſpended ſo as not to touch the veſlels, 
and theſe veſſels be removed from a cold place 
into a warm one, the thermometer ia vacuo 
will grow warm as much, and almoſt as ſoon 
as the other thermometer which is not in va- 
cuo, and when the veſſels are carried back into 
the cold place, the thermometer in vacuo will 
grow cold almoſt as ſoon as the other; is not 
therefore, continues that great author, the heat 
of the warm room convey d thro' the vacuum 
by the vibrations of a much ſubtiler medium 
than air, which, after the air was withdrawn 
remain'd in the vacuum ? And of this medium 
or æther he thus queries with regard to gravity. 


Is it not much rarer within the denſe bodies of 


the ſun, ſtars, planets and comets, than in the 
epty celeſtial ſpaces between them? And in 
paſſing from them to great diſtances doth it not 
grow denſer and denſer perpetually, and thereby 
cauſe the gravity of theſe bodies to one another, 
and of their parts toward the bodies ; every bo- 
0 endeavouring to go from the deiſer parts of 
1 medium towards the rarer ? For if this me- 
dium be rarer within the ſun's body than at his 
ſurface, and rarer there than at an hundreth part 
of an inch from ti; body, and rarer there than 
at the fiftie!h part of an inch from his body, 
and rarer there than at the orb of Saturn ; I ſee no 
reaſon why the increaſe of denſity ſhould ſtop 
any where. And tho” this increaſe of denſity 
may, at great diſtances, be exceeding flow, yer 
if the elaſtic force of this medium be exceeding 
eat, it may ſuffice ro impel bodies from the 
enſer parts of the medium towards the rarer 
with all that power which we call gravity. And 
that the elaſtic force of this medium is exceed- 
ing great, may be gather'd from the ſwittnels 
of it's vibrations. gc. Sce Newton. Optic. En- 


gliſh Edition, A. 1718. p. 323, 325, 326, 364. 
372, & alibi paſſim. 
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affects the beſt, © nature does nothing in vain®” ; &c. for, as according to my own 
notion, the actions of irrational creatures are directed by a moſt wiſe agent; 
J am not ſurprized that their actions reſemble ours, or even ſometimes ex- 
ceed them. And, in fact, ſilk- worms and ſpiders perform, untaught, what we 
cannot; birds build their neſts moi dextrouſly than à man could; and many 
other animals perform ſuch things, that tis no wonder ſome have aſcribed 
reaſon to them; tho this ſeems raſhly done, conſidering much may be ſaid for 
the immortality of rational ſouls; that the actions of brutes are chiefly limited 
to the preſervation of their ſpecies ; and that they betray a want of thought in 
every thing beſides. And, therefore, as when I ſee a curious clock, and find 
every part nicely adapted to its reſpective end, and all harmoniouſly joining to 
anſwer the views of the artificer, tis the contrivance of the workman, not of 
his materials that I admire; ſo when I e the ſeveral creatures of this 
vaſt engine, the world, I can never ſuppoſe that the inanimate parts thereof act with 
reaſon and deſign, but adore the Rim ov of the architect, who could produce 
ſuch regular from the joint concurrence of ſo many different cauſes. 

It may here be objected, that tho the ſchool philoſophy fails, yet the Epicurean 
accounts for the production of the world, without having recourſe to a deity ; 
but a conſideration of the doctrine of Epicurut, and his paraphraſt Lacretins, tho 
ſubtile philoſophers, has confirm'd me in the contrary opinion. 

Epicurus himſelf, in his 3 to Herodotus, found in Diogenes Laertius, gives 
this ſhort ſyſtem of his doctrine ; « As to meteors, it ought not to be imagin'd 
cc that motion, rotation, eclipſes, riſing and ſetting of the heavenly bodies, or any 
« thing of this ſort happens from the Gres ion of a ſuperintendent, who enjoys ha 
cc pineſs and immortality : we are, therefore, to believe that at the creation of * 
« world there happen d ſuch a convolution of twining atoms as render d theſe revo- 
tc Jutions neceſſary. There is an infinite number of worlds, only ſome whereof 
cr are alike to this; for as atoms, from the infinity of ſpace, muſt be infinite ; they 
ce will meet in various places, and fo variouſly conſtitute infinite worlds far re- 
« mote from this: which obſcure account of the world's origin Lucretius finely 
illuſtrates, and afterwards * it to ſome particulars thereof. But his 
hypotheſis requires many poſtulata too abſurd or uncertain to be granted; for 
inſtance, * that matter is eternal; that it was actually divided into atoms 
« eternity, (whereas it might as well be one coherent maſs; for actual diviſion is 
cc in no wile eſſential thereto) ; that the number of theſe atoms is truly infinite; 
c that they have an infinite vacuum to move in; that their figures are almoſt 
ec infinitely various, (tho he ſhews not how this came to be conical, or that 
« ſpherical) ; and that theſe atoms were ſelf-moved from eternity,” tho' motion be 
no more an eſſential pr of matter than reſt ; being indifferent to 
wither*. Nor has it hitherto been ſhewn how matter can move itſelf. Almoſt 


* Motion and reſt are in the modern philo- 
ſophy ſuppoſed to be ſtates of bodies; yet ſome 
have endeayour'd to prove the former eſſential 
to matter. And, indeed, if a thing may be ſaid 
to be eſſential where it is a conſtant attendant ; 
perhaps the diſpute is at an end. For all the 


bodies we are acquainted with, ſeem to be in a 
perpetual motion. No one will ſay that the 
parts of animals, vegetables, or minerals are at 
abſolute reſt among themſelves, who conſiders 


changes of them, Mr, Boyle has 


the growth, increaſe, decreaſe, corruptions and 
made cg 
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all the bodies here below are moved by ſomething external to them; even in 
animals tis not the will that produces ſpontaneous motion: this only determines 
and directs the nervous fluids of the muſcles, as appears by the fatigue and loſs 
of ſtrength conſequent upon violent exerciſe. And therefore Auaxagora, tho” 
he believed, as Axiſtotle did after him, the eternity of matter, allow'd a mind was 
neceſſary to put it into motion. But in the Epicurean ſcheme, not barely mo- 
tion, but alſo it's determination is ſuppoſed ; for I atoms muſt move downwards, 
and that too not in parallel but converging lines; ſo that beſides motion, here 
is gravity in atoms without a centre for them to tend to, and a particular di- 
rection and continuance of motion therein, without any cauſe being aſſign d for 
either; which are aſſumptions ſo bold and precarious, that ſome of the author's 
admirers are aſhamed of them. This doctrine farther ſuppoſes, © that allowing 
« a downward motion to a ſufficient number of atoms; a fortuitous concourſe im 
« their fall, will, alone, produce the world, with all its creatures; that is to ſay, 
chance may reduce a chaos to order, or a multitude of letters, caſually thrown: 
gs us the hiſtory of the creation as it ſtands in the book of 
G 


Tis true indeed, odd images, reſembling pictures, ſem xccidenally produced | 


in ſtones, and other inanimate bodies; but theſe phenomena are to be 
ſolved from other principles: tho were theſe allow d to be real productions of 
chance, how different are they from what we behold in the ſtructure of ani- 
mals? To inſtance, in a human body, which tho compos'd of numberleſs parts, none 
are ſuperfluous, or can be otherwiſe made or nd wicker manifeſt detriment ; 
Nays, ſome of them, as the eye, valves in the veins, &c. are fo dextrouſſy ad- 

ted to their reſpective uſes, and intirely unfit for any other, that a more 
than ordinary underſtanding is required to diſcover the depth of their contrivance.. 


On the other hand, that account which Lucretius gives of the firſt formation of 


man, from poetical wombs adhering to the ground, which Lattantins, at large, ex- 
poſes, is ſo unſuitable to ſome other parts of his work, that I am tempted to 
ſuſpect he wrote it in one of thoſe phrenzy-fits his Zacillia's philtre occaſion'd 


Let it be farther obſerv d, that, with all their aſſurance, the utmoſt theſe na- 
turaliſts can do, only ſhews the phenomena of nature ws 2 be produced 
after their manner; but as the ſame effects often proceed from different cauſes, 
it may, ſometimes, be impoſſible to diſcover by what particular means nature ob- 
tains her ends. And even Epicuruu, himſelf, never pretended to aſſign the pre- 
ciſe cauſe of the phenomena he endeavour d to explain. So that allowing we 
did, in general, know that the phenomena of nature proceeded from the bulk, 

, motion, &c. of atoms, we may ſtill be to ſeek for the particular cauſes. 
any ſingle effect: thus a man might ſay, in general, the fam'd clock at 
— mov'd by means of wheels, ſprings and weights; tho he knew no- 


ly probable that the parts of the moſt ſolid bo- ſun; ſo that in ſhort nothing appears to be at 

dies ſuch as glaſs, gems, &c. are in motion. | reſt in our ſyſtem bur the centre or it; and this, 
And tis now generally confeſs d that the earth. pr is conſtantly going torwards in a ſtrait 
which itſelf is in perpetual motion, as well as | line. See Newton. Princip. Ed. 2. p. 17, 18. 


the other plancts,and the comets, moves round the | 373» 374. ; 
3; thing 
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thing of their reſpective magnitudes, figures, motions and proportions, or the par- 
ticular contrivances of the whole. 

But the more eminent Epicureant argue thus, if the phenomena of nature be 
& not ſolved by our hypotheſis, they are inexplicable” ; but this argument is not 
ſo concluſive as they ſeem to imagine. And tho? it be as bold to aſſert, as hard to 
prove, that no other philoſophy can do more than theirs ; yet, if we allow their con- 
cluſion, where's the abſurdity? Who has demonſtrated that men are able to find 
out and explain all the operations of nature? The moſt learned of our adverſa- 
ries own themſelves unequal to the task. : 

It adds no ſtrength to their argument, that their way of _—_— appearances is 
eaſy and intelligible ; for the queſtion is how things really are produced, not whar 
manner of production is moſt level to our reaſon. And if the world, as they 
ſay, were caſually made, ſure, chance never conſidered of the moſt intelligible way: 
but if God be its author, and framed it according to his own immenſe wildom, how 
ſhall human underſtanding comprehend the contrivance? And hence we may in- 
fer that current argument, * cannot conceive it to be of no force in philoſo- 
phy. Tis true, we ſhould be cautious of admitting unintelligible things ſor truths; 
but there is ſo great a difference in the thinking faculty of men, to ſay nothing of 
partiality, indolence, want of application, and wilful dulneſs, that what is un- 
intelligible to one, ought never, for that reaſon, to be rejected by another. Thus 
ſome Epicureans, who would reſolve all things by dara principles, tell us 

can form no notion of an incorporeal ſubſtance, or ſpirit; nor ſuppoſing the 
ſoul were ſuch, how it cou d act upon the body; yet others ſolemnly profeſs they 
have a clear and diſtin& idea of ſpirit, which they believe the human ſoul to be; 
and deny they can comprehend how any thing ſhould think that is material. 

Thus much for thoſe who preſume to account for all things without ſuppoſing 
aGod: others, more modeſt, who yet incline to this opinion, might propoſe the 
following objeftion, © Tho' we cannot aſſign areal cauſe of every effect in nature, 
«we take away the neceſſity of a deity, by ſhewing, in general, that the pheno- 
cc mena of the univerſe are mechanically producible ”. 

To this I anſwer; firſt, it does not appear that all the phenomena of nature can be 
ſolved by mechanical principles, as particularly the faculties and actions of men; 
and if a ſpiritual ſubſtance be here-allowed, not only a fundamental doctrine of the 

- Epicureans That there is nothing in the univerſe beſides body and vacuum , 
1s given up, and the poſſibility of a ſpiritual ſuperintendent would likewiſe follow. 
Secondly, allowing them explicable hereby, tis no conſequence that there was ori- 
ginally no need of an intelligent Being to range and diſpoſe a chaos, or infinite 
number of atoms into a regular world; and to eſtabliſh thoſe principles whereon 
the production of numberleſs creatures depends: for matter, however figured and 
moved, ſeems of it ſelf as incapable of doing this, as a-quill, when cut into a pen, 
is unable, of it ſelf, to write. Beſides, were an Epicurean to be told, that a man, 
after having been many years dead, came to life again, he would, I preſume, re- 
ject the relation as of a thing impoſſible. And why, but becauſe fo ſtrange an 
effect cannot be aſcribed to chance? For he knows no power great enough to 
colle& the ſcatter:d atoms, whereof, according to him, that body was wholly 
compoſed, and fo diſpoſe and move them, as again to conſtitute the ſame. This — 
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ample, indeed, extends not to all the circumſtances of the caſe; but T infer from 
it, that a conſidering man may happen confidently to reject what is not abſolutely 
impoſſible ; and that ſuch things may poſſibly be effected by matter and motion, 
as no wiſe man will think produced without the direction of an intelligent agent. 
Laſtly, Lucretius affirms, * That the atoms made no agreement to ſettle into a 
world, * and the very notion of atoms implies them inanimate; ſo that did we 
grant all the productions in nature to reſult therefrom, the difficulty would ſtill 
recur, what thus ordered and directed them? It muſt, ſurely, be as abſurd to 
think that innumerable ſenſeleſs atoms, as that a few more bulky parts of matter, 
ſhould jumble themſelves into ſo curious a fabric as that of the univerſe, or a 
human body; and conſequently, tis incredible they cou'd, without the guidance 
and direction of a governing principle, conſtitute either. 


e 


B to reſume our former ſubject. Be it true or falſe that ſome things in ,, 5 
nature tempt a philoſophical more than a vulgar mind, to doubt the exiſtence pt» i: 5, ſome 
of adeity; without diſpute, there are others that perſuade the former of it's cer- [7/5 e 
tainty, more than they do the latter. For many properties of bodies are known %, mere than 4 
to theſe, many ſecret relations, and harmonious correſpondences between the m_ 
parts of the univerſe, which eſcape a ſuperficial view. So that if, as tis ſup- 
poſed, Ariſtotle wrote his diſcourſe concerning the world, towards the end 
of his life; *tis remarkable how he, who uſed to be ſceptical enough, riſes, by 
contemplating the univerſe, to lofty encomiums of it's divine architect. Butmore 
particularly, he who is ignorant of anatomy, can never receive thoſe demonſtra- 
tions of wiſdom, from the circulation of the blood, the motion of the chyle, and 
other contrivances in a human body, which crowd upon an expert anatomiſt. 
There are fine mechanical contrivances in the hand, the foetus in the womb, in the 
muſcle, called ar/apialis, that ſerves to move the thigh, and in many other parts of 
the body. Tis not, therefore, ſurprizing that Galen, tho no great religioniſt, ſhould, 
from contemplating the human ſtructure, take occaſion to compoſe hymns to the crea- 
tor. And methinks, tis impoſſible any man ſhould behold a skilful diſſection of an 
eye, without acknowledging that a good anatomiſt has ſtronger reaſons to admire the 
author of nature, than one who is unacquainted with that art. Sure Iam, tis no- 
thing but our ignorance can hinder us from giving juſt praiſe to God for that ex- 
cellent manſion wherein the ſoul reſides; ſince not only David celebrates him, be- 
cauſe, ſays he, © I am fearfully and wonderfully made; but anatomical diſ- 
ſections, as we juſt now obſerved, raiſed even Galen s devotions. Vet penn 
even anatomy it ſelf has not diſcovered to us all the wond*rous contrivances in the 
human body; nor ever will, till a competent knowledge of the ſeveral animal flu-, 
ids, of chymiſtry, mechanics and philoſophy, be added to a dextrous manner of 
diſſection. Without ſome acquaintance with proportions, twill be hard to judge 
of the ſymmetry of the parts; as without skill in optics, *rwould be impoſhble- 
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to ſee the wiſdom diſplayed in the ſtructure of the human eye, compared with 
thoſe of other animals. 
Farther, tis manifeſt, from univerſal ience, that the ſtudy of nature leads 
to the belief, rather than the denial of a ſupreme Being. The ancient philoſo- 
phers, who had no revelation, generally acknowedged one ; as appears from nume- 
rous teſtimonies : and if ever any real atheiſts. appeared, their number has been in- 
conſiderable, and their patrons always eſteem'd as monſters. As for the nations 
that, at this day, are ſaid to worſhip no God; they conſiſt not of naturaliſts, bur 
irrational barbarians, who cannot be faid to deny, but to be ignorant of him ; 
and that too, becauſe they know ſo little of his works. But if there be any ſuch 
people as theſe, tis a ſtrong recommendation of philoſophy ; and ſhews that with- 
out the aſſiſtance of ſuppoſed innate ideas, reaſon, alone, exerciſed upon the objects 
around us, will diſcover a deity. And indeed, as the ſtars in their courſes were 
faid to fight againſt Siſera; ſo not only they, but the reſt of the creatures, in their 
_ courſes, fight againſt atheiſts. 
Philoſephyinſira2s Again, philoſophy, not content to prove the exiſtence of a God, inſtructs us 
ut care alſo to admire and celebrate his perfections. The nobleſt worſhip has been paid 
him by the greateſt part of the world, where his will was never particularly re- 
vealed the temple of the univerſe ſufficed to tranſport them with rational wonder 
at the attributes of it's author. And this kind of devotion, commonly riſing, in 
proportion to the diſcoveries made in nature, the beſt philoſophers among the hea- 
thens, always ſhew'd the moſt of it. No wonder then, that the /ndian gymnoſophiſts, 
the Perſian Hogs, the Egyptian facrificers, and the ancient druids were prieſts as 
well asphiloſophers. And were it not too tedious to give inſtances wherein the crea- 
tures have manifeſted to philoſophers the attributes of God ſtamped on them, I mght 
have quoted many our of both ancient and modern writers, to this purpoſe. 
Moreover, were our adverſaries poſition as true as we have ſhewn it falſe ; 
muſt a philoſopher, tho' ever ſo knowing, needs be an atheiſt ? Philoſophy, 1s 
only one way of coming to the knowledge of a God: religion has other argu- 
ments to enforce ſuch a belief. The devils muſt be well verſed 1n philoſophy to 
inſtruct magicians and their other dependents, and would gladly, no doubt, 
bend all their knowledgeto propagate atheiſm; yet St. Fames tells us, © that they 
e themſelves believe there is a God, and tremble at him. It follows, that either 
. philoſophy does not, neceſſarily, lead to atheiſm, or that other than philoſophical 
working of mira- arguments may convince the moſt obſtinate of the being of a God. But to leave 
A ſpeculation, and come to fact: the ſeaſonable accompliſhment of prophecies and the 
working of miracles, at once, demonſtrate the being, providenceand other attri- 
butes of God. And as theſe are the ſtrongeſt arguments divines can uſe for the truth 
of the chriſtian religion, I hope, they will allow the force of them. I ſay, then, 
if theſe arguments prove the truth of the chriſtian religion (and what can do it 
Philoſophy furniſhes more ually?) oy conſequently prove the exiſtence of a God. 
lem, ] Laſtly, ſo far is philoſophy from leading to atheiſm, that it furniſhes us with 
arguments againſt it. The atheiſts have long preſumed themſelves the only phi 


, 


With this view it was, that Mr. Achiſton, ing ture. He endeavours to make it a „ that 
conformity to the founder's deſign, attempted | none of thoſe prophecies have a double meaning, 
to ſhew the accompliſhment of the ſcripture pro-| and that they reſpectively have, at their due time, 
thecies, when choſe to preach Mr. Boyle's le- ¶ been fulfilled, 
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ſophers, and to perplex others with — notions ; yet a skilful naturaliſt 
will greatly reduce the number of their greateſt difficulties, and eaſily ſurmount 
them. Eternity, ſelf-exiſtence, and other attributes are objected by the Epicu- 
reans againſt the being of a God; whilſt they ſuppoſe the origin of local motion, 
the infinity of ſpace, and the diviſibility of matter, which are full as hard to 
conceive upon their ſcheme; ſo that inſtead of one God, they confeſs, as we 
have ſeen, an infinite number of eternal, ſelf-ſufficient, immortal, ſelf-moving a- 
toms ; and raiſe many more difficulties to one accuſtomed to leave ſecond cauſes, 
and contemplate ſuch as have none. 

Upon the whole; I am afraid leſt the delightfulneſs of philoſophy ſhould too 
much devote men to the creatures, rather than make them disbelieve a creator; for 
the beautiful variety of objects here proves ſo charming, that we ſometimes ou 
negligent of other pleaſures, and even of our religious duties. Tho' God bei 
infinitely better than every thing elſe, he alone can afford mankind their u 
ſatisfaction, which thoſe deprive themſelves of, who reſt wholly in the crea- 
tures. 

But my zeal for philoſophy has hurried me too far, and given my diſcourſe a 
reliſh of the preacher; yet I have Seneca and Pliny to bear me out herein: nor, 
perhaps, is it a fault thus to have treated a ſubject I ſhould not have engaged in, had 
I found any thing ſatisfactory wrote upon it by others. But as divines are com- 
monly' too ignorant of nature's works to treat philoſophically of them; ſo na- 
turaliſts rarely preſume to handle them with a view to religion. * I cannot, 
therefore, but acknowledge, that, if this diſcourſe any way anſwers the ends I pro- 
poſed by it, I ſhall ever eſteem it the beſt part of my works; for I amperſua- 
ded, that whoever could bring philoſophical devotion into the reputation it deſerves, 
would honour God as much as by erecting buildings for religious uſes. 

Nor is this kind of veneration, this 2-1 , ſuperſeded by chriſtianity 3 
for God by affording us a revelation, cannot have given up his right to us as rati- 
onal creatures, in which capacity we offer in the world euchariſts to it's cre- 
ator. Galen could ſay that «© to manifeſt the perfections of God to others, is a 
« greater act of religion, than to burn whole hecatombs upon his altars **; which 
Hermes Triſmegiſius thus confirms « The thanks and praiſes of men, are the no- 
bleſt incenſe that can be offered up toGod *', And Gad himſelf is pleaſed to tell 
us, c that he who facrificeth praiſe honoureth him; and again, we learn that an ac- 
* 11 of religion is the Weary oe; iſe, and the calves of our lips by 
offering up of which we make a true uſe of the creatures in referring them to the 
_— A ſo that as all things are of him, and through him, they may alſo 

t 0 * 


* This 4 * be a merĩted reproach when Mis occaſion Dr. Bentley, D Carte, Mr. 
| 


Boyle wrote t cle eſſays; but it has ſince been 
wiped off, by many excellent writers among preached the leftur: of our ec nt author, 


the divines. Twere needleſs to name on 
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ii hiſton, Mr. Der ain. and others, who have 
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PART II. 


8 hewing the u ;ſefulneſs of natural philoſophy to 
F w the art of medicine. 


Md —_— 


Se, bh S E CT. I. 
Philoſophy ſhow'd. Aving ſeen the advantages accruing from natural philoſophy to the mind 
- ” a H of man; e- ee it brings to his body and goods. And 
here, muſt own, that this Kind of uſefulneſs is what ſo highly recommends 
| philoſophy to me: tis the increaſe of power, not amuſing ſpeculations that I expe 
from it. Nor dare I aſſume the title of a naturaliſt, till the productions of my 
garden, orchard, or fields, exceed thoſe of others unacquainted in this ſtudy. 
Wou d we convince the world of the real uſefulneſs of natural 4 we 
ſhould take a like method with Thales; who, tis ſaid, r Ley for ſtu- 
jen or ſtars,” as a * Fa no ſignificance, made all the contracts he 
cou'd for olives of the enſuing growth; whereby he became immenſely rich: for 
the year, as he had early foreſeen, proved very bad for oil, which he, therefore, 
Jold at his own price; and thereby ſhewed that philoſophers rather deſpiſe than 
Methinks it is a diſgrace to a philoſopher when he comes to conſider the art 
of husbandry, not to be able, with all his knowledge, to improve the pre- 
cepts which only illiterate perſons have given abour it. From the ſchool philo- 
ſophy, indeed, nothing of this kind is to be expected; but from the true princi- 
pa of ſcience, throughly known and applied, tis inconceivable how univerſal and 
dvantageous a change might be made in the world. What a turn has been given to 
affairs by thoſe two ſlight diſcoveries, the needle's pointing to the north, and the 
reluctance between falt-peter and brimſtone ? And what are all the trades in the 
re = ſo many corollaries or applications of a few theorems of natural phi- 
hy oh more diſtinctly to ſhew what improvements may be expected in the 
ſeyeral arts, by a due application of natural philoſophy thereto; we will divide 
them into thoſe that relieve our neceſſities, thoſe that accomodate, and thoſe that 
delight us. To begin with phyſic ; tho' I pretend not to be a doctor in that 
werfe. faculty, I ſhall follow the common diviſion of its branches; and briefly obſerye 
ts the g le how each of them is indebted to natural philoſophy, or farther improveable 

pt of medicine. M. a | . 
Did I not greatly reſpe& Hippocrates, I might ſay, that ſome of the bloody laws of 
Draco were 25 deſtructive than his a bl, If a pregnant woman - 

cc 
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ce let blood ſhe will miſcarry **. For experience, at length, has aſſured us of the 


fofety of phlebotomy, even, contrary to his expreſs aſſertion, when the fœtus is large. 


But if an error of omiſſion may prove ſo fatal in phyſic, what are we to expect from 
thoſe of commiſſion, and raſh proceedings? As the phyſician — take 
his principles from the naturaliſt; 'tis ſurprizing that men, eſteem'd wiſe by them- 
ſelves oy others, ſhould contemn the ſtudy of nature; becauſe we frequently 
ſez thoſe in poſſeſſion of the greateſt worldly happineſs, at once deprived of it 
all, thro' the ignorance, or miſtake of the . 


Our own age has ſhewn us what light comparative may give to human anatomy. 7 e of 


comp a rative analy” 
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Twere a ſavage cruelty to diſſect, as did Herophilus and Eriſſtratus, human bo- ,y t Pf. 


dies alive; nor could many things, as the motion of the blood and chyle be 
diſcover'd ina dead one; it muſt, therefore, be of uſe to phy ſicians to ſee living ir- 
rational animals diſſected: and thus the lacteal and lymphatic veſſels came firſt 
to be diſcover d. Many experiments, alſo, may here be made, which it were 
imprudent to venture upon in the bodies of men. The ſpleen has been cut out of a 
dog without any damage; and I lately aſſiſted in the experiment ſucceſsfully made 
upon a young ſetter, that recover d in a fortnight after the operation. The empi- 
ric Fioravanti, indeed, ſays he perform'd it upon a ſplenetic lady, who lived 
many years afterwards; but tho? his relation were credited, the ſituation of the part 
forbids ſuch an adventurous procedure. To know, that, tho* frogs have lungs 
and uſe them as other terreſtrial animals, they may, without ſuffocation, be detain d 
for many hours, nay, ſome days under water, might help to determine the nature of 
reſpiration. And, generally, the parts of brutes are ſo like the correſponding 
parts in men; that a good acquaintance with the former will, in moſt caſes, 
render the trouble of obtaining the latter, unneceſſary. Galen, who is allowed 
to have been no bad anatomiſt, rarely diſſected any other; for in his time twas 
thought irreligious to put human bodies to ſuch uſes. And no wonder, ſince 
to this day, the uſe of anatomy and skeletons is forbid in Muſcovy; the firſt, 
as inhuman ; the latter, as ſerving to witchcraft : and we are told by Olearizs, 
that one Quirin, a German chirurgeon there, being found with a skeleton, 
was expell'd the kingdom, and hardly eſcaped with life : and the skeleton, after 
being dragg'd about the ſtreets, was burnt. | 
There are many other advantages of comparative anatomy, which may ſerve 
to confirm any new diſcoveries, or illuſtrate the true uſe of the parts in men; 
for ſcarce any creature can be well underſtood of itſelf, much leſs the body of 
man, without comparing it with thoſe of different animals, to ſee where any 
part is omitted, wherein it differs in magnitude, figure, ſituation, connexion, 
&c. Thus, on the coaſt of Ireland, I obſerv'd a kind of fiſh, about the ſize 
of mackrel, whoſe hearts ſeem'd to be inverted ; their baſes lying towards the 
tail, with the mucro pointing to the head, and adhering to the Arta. The 
lungs of vipers, and other creatures, their hearts and blood, which are always 
actually cold, may make us farther inquire, whether the chief uſe of reſpiration 
be to cool the heart. | | 
The ſudden and continued collapſion of a dog's lungs, diſcoverable upon a 
ß wound in his cheſt, may afford ſome diſcovery in the principal organ of 
piration. The hearts of vipers, and ſome ſmaller fiſhes, where the contraction 
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ſection of their hearts an hour, and others longer. Theſe creatures, notwithſtand- 
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and relaxation of the fibres may be diſtinctly obſerv'd, might help to decide 


the controverſy about the cauſe and manner of the heart's motion. To fatisfy 
myſelf in this matter, J have ſometimes cut the heart of a flounder tranſverſly, 


into two parts; and freeing each from the blood it contain'd, I obſerv'd, for a 


confiderable time, that both of them, together continued their former contraction 
and relaxation. And once, thus cutting one into ſeveral pieces, I found, to m 


furprize, that they not only moved as before, but that even the whole, thus ſeparated, 


long preſerved the ſame ſucceſſion of motion, as appear d therein whilſt coherent. 
Queſtions concerning the uſe of the heart, and the principal ſeat of life and 
ſenſe, may alſo receive light from this kind of experiments. I remember, that 
having cut ont the heart of a live frog, without cloſing the wound, he, not- 
withſtanding, leap'd about the room, as if no hurt had been done him ; tho' 
his entrails hung out, and he dragg'd them after him. Upon his reſting, we 
prick d him, after which he leap'd as before; and being put into water he 
could fwim, whilſt his heart remain'd in my hand. We took out the hearts 
of others more carefully, and ſew'd up the wound, whereupon they leap'd more 
frequently and vigorouſly than the former ; they alſo ſwam, and remain'd in 
water; as if all their parts were intire; ſometimes they would nimbly leap, firſt 
out of the veſſel, then about the room; in ſhort, ſome ſurvived the ex- 


ing, cannot ſurvive the loſs of their brain. To proceed to warm animals. I 
obſerved the heart of a chick unhatch'd, but perfectly form'd, to beat for a- 


bove an hour after the head and breaſt bone were clipp'd off to diſcloſe it; 
but the auricles rerain'd their motion longer; tho that of the other parts diſap- 


pear'd in a few moments after the head was off. The heart, when dead to 
appearance, was often, by puncture, excited to freſh motion of ſhort conti- 


"nuance. This experiment we repeated with the ſame effect; but when the mo- 
- tion of the heart, and its auricles became languid, *rwas again excited by placing 


them in the ſteam of hot water; by which contrivance we kept the heart 
beating for an hour and half. At another time, we, by the like method, conti- 
nued the motion of that of a larger chick for two hours and an half. But this is 
nothing to the ſtrange vivacity we have obſerv'd in that cold animal the vi- 


per; for not only their heart, tho? ſever d from their bodies, will beat for ſe- 


veral hours; but the body itſelf will continue to twine and twiſt for ſome days 
after the skin, heart, head and entrails are taken from it; and upon puncture, eſ- 
ally near the ſpinal marrow, will manifeſt a vivid motion, they have 
kin quiet. And tho' Indian tortoiſes are very large animals; Vincent le 
Blauc tells us, “ when the king of Pegu, an admirer of them, deſign'd any for 
c his table, their heads were cut off five days before they were dreſs d; to the end 
of which time they, notwithſtanding, continue alive”. To theſe might be 


added the common obſervations of flies, butter- flies, and other inſets, ſurviving 
the loſs of their heads; and not only fo, but as I lately found in butter“ flies, 


that they are capable of tion afterwards. I ſhall not pretend to draw 
any certain concluſions from hence; but tis fufficient to my purpoſe, that 
ſuch kind of experiments have relation to the doctrine of the unceaſing influ- 


. ence, of the brain, ſuppos'd requiſite to ſenſe and motion, 


Thar 
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- That the colour of the blood is owing to that of the liver, ſeems not im- 
probable from the livers in men; but in hens eggs, after the third or fourth 
day of incubation, the punctum ſaliens, or heart, is found full of very red blood 
before the naked eye can diſcern a liver, at leaſt any redneſs therein. And in 
large fiſh I have found the veſſels of the liver full of red blood, tho its ſub- 
ſtance were white. 

That the loſs of a limb is irreparable has been unanimouſly believed, yet the 
common caſe of lizards, lobſters, craw-fiſh*, and, perhaps, ſome other animals, 
does not confirm it abſolutely true. The tails of lizards have, after being 
ſtruck of, been found to grow again. Credible perſons have inform'd me of 
their obſerving the fame in lobſters claws; and I, myſelf, have known it in 
thoſe of craw-fiſh, 

An acid in the ſtomach has, of late, been fuppoſed the cauſe of digeſtion: ; 
but in the ſtomachs of ſeveral ravenous erh, my taſt could diſcover no 
ſuch thing; tho' we found, in one of them, two other fiſhes that meaſured each 
a foot in length, whereof that which ſeem'd lateſt devour'd, had ſuffer'd very 
little alteration, whilſt all the external parts, except the head, of the other, were 
uniformly waſted, or corroded, far below the original ſurface of its body. In- 
deed, by a menſtrum drawn from vitriol, as alſo by oil of vitriol, I have diſ- 
ſoly'd roaſted fleſh into a kind of red or purple gelly, or liquor; and this with- 
out the aſſiſtance of heat. Thus then it appears that the naturaliſt may great · 
ly aſſiſt the phyſician in his anatomical inquiries. | 

But beſides theſe 


particulars, the naturaliſt may alſo inſtruct the phyſician —— 
dies for anatomical 


how to 2 the ſeveral parts of human bodies, or other animals. For as 
the ſtructure, connexion, &c. of the leſs common parts in anatomy, like the en. 


alteration of plants in botany, are apt to ſlip out of the memory; it may be 
refreſh'd by judicious preparations in the one, no leſs than by a proper collec- 
tion of ſpecimens in the other. We find, by experience, that butter- flies, and 
other inſects, long retain their ſhape and colours, by being left properly trans- 
fixed with pins on the infide of boxes. Reflecting once, how long ſpiders, flies, 
and other animals, have been preſerved by an accidental incloſure in amber; I 
was induced to try the like ient with clear Yenice turpentine : by eva 

rating which to about two thirds, I obtain'd a reddiſh tranſparent gum, clear 
of bubbles, eaſily ſoluble by hear, and as eaſily render d brittle by cold. 


* M. Reazmur has publiſh'd ſome curious re- 
marks which he made upon theſe animals, He 
tells us, that ſeveral parts of them will grow 

ain as well as their claws ; that their large 
claws or legs accidentally break near the fourth 
articulation, reckoning from the tip. and then 

ually grow out again to the former dimen- 
ons; that if one of theſe large legs be pur- 
poſel broke at the fourth or fifth articulation , 
vill come again, but either not at all, or not 
ſo well, when broke at the firſt, ſecond, or third 


_ wticulation, if it. were to be left thus; but] 


nn in a few days time the creature itſelf, pro- 
bably, breaks the claw higher about the fourth 
joint, for it is then found broken thus ; af- 
ter which the re · production goes forwards. He 
farther aſſures us, that if a part re-produced be 
broke off a ſecond time it will, nevertheleſs, . 
grow again. But the ſummer, which is the only 
time 4 — craw-fiſh feed, favours theſe new - 

roductions much more than any any other 
| caſon. Memoir, de ! Acad. A. 1712. p- 295- 
321. 
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When 1 deſign it for uſe, I melt it, being firſt pulverized, with a gentle 
heat, and dip the body to be preſerv'd ſeveral times therein, till it gains a 
caſe of due thickneſs. This ſubſtance, indeed, is inferior to amber, being more 
apt to gather duſt ; but care may prevent that, and then its cheapneſs will re- 
commend it. 

Nor are only ſmaller bodies capable of this treatment. The external parts 
of. more bulky ones, as thoſe of birds, fiſhes, © crocodiles, and horſes are 
found preſerv d in repoſitories ; and many anatomiſts can eaſily keep the in- 
ternal membranous parts uncorrupted. I have ſeen the veins, arteries, and 
nerves of. a human body thus difplay'd in their proper ſituation, upon 
boards; as alſo the parts of generation, which continued for many years to be 
far more inſtructive than a printed figure of them. And I have known the 
fleſh, of vipers kept good for ſeveral years, by the ſmoak of an aromatic 
powder. The skeleton of a monkey has been ſhewn me, with the muſcles 
rais d, and curiouſly preſerv d upon it. And, perhaps, ſome way may be found 
to keep the arteries and veins * they are emptied of blood. A very 
fluid matter, which would ſoon harden, might do this; ſuch as the liquid 
plaiſter of burn alabaſter; the gelly of iſing-glaſs, or ſugar of lead, frequently 
diſſolv' d in ſpirit of vinegar. To proceed, I have known a fœtus long pre- 
ſerv'd in oil of ſpike; and a large one, managed in a different manner, ap- 
pear'd to me, after many years, as entire, plump, and freſh as if it were newly 
dead x. *Tis poſſible, ſome nobler way than what has hitherto been practis'd 
may, hereafter, be found out; for I ſuſpect that ſaline, corroſive, or hot bodies 
are not the only ones which ſtrongly reſiſt putrefaction; and that embalming 
ſubſtances may be effectually applied without mangling the body. TFoſephns Acoſta 
relates, that * men, and the beaſts they ride on, are ſometimes, on certain moun- 
cc tainsof America, kill'd by the winds; which, alone, afterwards preſerve them from 
«« putrefaction . I am acquainted with an experienced gentleman, fam'd for cu- 
ring cancer d breaſts, by the external application of an innocent powder: and 
musk, to my knowledge, has greatly contributed to the preſervation of fleſh. 

Twere alſo proper to try Be far ſpirit of wine would contribute to pre- 
ferve a human body; for tho' it ſtrongly reſiſts putrefaction, it does not fret 
the fleſh; nor will its colour diſguize the objects therein contain d. And J. 
myſelf, have, for many months, preſerv'd in it very ſoft parts of a body, with- 
out any detriment to their figure or conſiſtence; at another time we, for a 
long while, kept a large quantity of blood ſurprizingly ſweet and freſh, by 
_— herewith ; nay, by means of it, we even prevented a piece of a 
very ſtale fiſh, from farther putrefaction. T have alſo open d eggs at ſeveral days 
after the beginning of their incubation; and taking out the chicks, embalm d each 


* The ingenious Ruyſh ſeems to have advanc'd| haave, he expreſly declares ; ſo that he ſays he 
the art of injecting and preſerving the parts of] offers no violence to the veſſels, nor, when he 
animals to the greateſt imaginab!e degree of per-| pleaſes, diſtends them beyond their natural di- 
fection. The injection he performs by means] menſions. By this means, and by ſome parti- 
of inſtruments finer than the threads of a cob | cular way of preſerving of them afterwards, 
web, as, in his late epiſtle to the learned Boer-[ he has, as it were, re-animated dead bodies. 


* 
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of them in a diſtinct glaſs of ſpirit of wine carefully ſtopp d. When the chick was 
large, I have ſomerimes mix'd with the ſpirit of wine a little ſpirit of ſal- ar- 
moniac, made with quick-lime ; for tho' this abounds with an urinous ſalt, 
yet I never obſerv'd it to coagulate ſpirit of wine. And I uſually found it 
convenient to let the little animals firſt lie, for a while, in common ſpirit of 
wine, to waſh off the looſer filth; and then having put better upon the ſame 
bird, I ſuffer'd it to ſoak, for ſome time, therein; that the —— having, as it 
were, drawn what tincture it could, the ſubject being remov'd into more 
and highly rectified ſpirit of wine, might not diſcolour it. And by this means, 
alſo, I preſerv'd the of a monſtrous calf; wherein, tho the body of the 
animal ſeem d otherwiſe perfect, there was no ſign of a noſe in the uſual place; 
the two eyes being united into one, in the middle of the brow, and furniſh'd 
with but one large optic nerve. The ſclerotis containing both was ſingle, but ſeem'd 
to have aſeam, by which the eyes were join'd, that went quite round; the — 
part being diſtinctly — from the two cornea's ; each ſeeming to have its 
iris and pupil diſtin, Upon opening the cornea there appear'd two cryſtal- 
line humors. There were four eye-brows in the head. Juſt above the eyes 
was a deep cavity, out of the middle whereof grew a kind of double purſe, 
which ſeem'd a production deſign'd for the noſe. Nor is it hard to improve 
the balſamic virtue of this ſpirit. Inf 

From hence it — poſſible that human induſtry may, hereafter, dif- 
cover ſuch ways ing animal bodies, as will greatly improve anato- 
mical knowledge. But the body conſiſting of fluid, as well as folid parts, 


ives another 8 the naturaliſt of improving medicine; by 
ewing not only the di between ſolidity and fluidity; but alſo by ex- 
amining into the nature of ſeveral animal juices, with the alterations both they, 
and the aliments they are made of, undergo in their ſeveral ſtages. For, ſince the 


human body appears to be only a curious machine; a naturaliſt well verſed in 
chymiſtry and machines, may, doubtleſs give ſome new light into it's pheno- . 


f 
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and cauſes of diſeaſes appears from hence, that tho* the ſimilitude be- ,\,.,,,,,. 
tween a human body and the world, be not ſo great as Paracelſus imagin'd 3 | 
yet the ſame phenomena often happen in both, but more conſpicuouſſy in the 

latter; which muſt, therefore, illu thoſe of the former. 

And certainly, if a phyſician know not how heat and cold, fluidity and firms. "onde of he 
neſs, fermentation, 2 viſcoſity, c ation, diſſolution, &c. are ge- and the emen 
nerated and deſtroy d in moſt bodies, he will be at a great loſs, when he comes 2% ogg 
to ſind out the cauſes of diſeaſes ; for many of them entirely depend upon the preſence, in. 


abſence, or change of theſe and the like qualities. On the other hand, 1 x 


7 natural philoſophy may aſſiſt the phyſician to diſcover the nature i advantages of 
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fine advantage to have learnt, by a variety of experiments, the different ways 
whereby nature ſometimes produces the ſame effects; for ſeveral ſolutions of 
the ſame appearances may hence ariſe, which, otherwiſe, might never have been 
dreamt of. This, ſurely, is no ſmall advantage to a phyſician; ſince he, who 
is only acquainted with a few of nature's ways of procedure, is m_ to 
know how abundance of diſeaſes are produc'd ; and, conſequently, will ſome- 
times miſtake the cauſe, and pply remedies accordingly ; when the poor pa- 
tient, perhaps, muſt dearly pay for his phyſician's ignorance. He, who knows 
N N the origi growth of ſtones out of the body, is unable to ex- 
plain their production in the bladder and kidneys. Many famous phyſicians, we 
| have ſuppos'd them generated from ſlime baked to a hardneſs by the heat 
of the part; and, accordingly, directed for cure, remedies to moiſten and cool 
the kidneys. This notion could hardly have obtain'd but from the ignorance 
of the ways of petrifaction in other caſes; for a liquor may turn wood into 
None z give to other bodies hardneſs and weight; and even produce cryſtals in 
cold water: nay, in ſuch cold aquatic animals as craw-fiſh, it concretions 
are generated otherwiſe than this hypotheſis ſuppoſes ; for thoſe bodies, falſly 
call'd crabs eyes, are, at certain times of the year, taken out of their heads. 
And the ofa alba of Paracelſuu, produc d upon a due mixture of ſpirit of urine 
and ſpirit of wine, is a different Lind of concretion, * illuſtrate the ſame. 

That an earthy ſubſtance may lurk undiſcern'd in a limpid liquor, appears 
from wine, which throws off to the ſides of the containing veſſel a ſolid tar- 
tar; clear common urine, alſo, affords a ſediment, and if diſtill'd before it ferments, 
leaves an earthy portion, and commonly ſome gravel behind. Nay, rectify d 
ſpirit of urine will, upon long ſtanding, let fall a precipitate, and throw a mul- 
titudę of ſmall concretions to the ſides of the containing 3 glaſs like thoſe that 
are found in urinals. By barely mixing two diſtill d tranſparent liquors 
together, I have often immediately obtain d a blackiſh, dry, and brittle coagulation: 

by this means Helmont attempts to account for the generation of the ſtone 
in human bodies. And tho' none of theſe ways be, of themſelves, ſatisfactory, 
tis ſomething to give a probable account of this diſtemper, which ſeems more 
difficult and abſtruſe than ſeveral others. So that not only philoſophy, but 
chymiſtry alſo, contribute to clear up the nature of ſome diſeaſes. 

The Galenic phyſicians uſually account for catarrhs, by comparing the ſto- 
mach to a boiling pot, and the head to an alembic, wherein the * con- 
dens d by the coldneſs of the brain, diſtil upon the lungs, or other adjacent 
parts; which hypotheſis, however inſufficient, manifeſts, that chymical operati- 
ons may illuſtrate the doctrine of diſeaſes. And ſince the fluids of the bo- 
dy abound in ſaline and ſulphureous parts; he who underſtands the nature of 

and ſulphurs, their actions upon each other, as well as different bodies, ſeems 
better qualify'd to diſcourſe rationally about their changes and operations, than 
one who ignorant is herein. To know that acid juices may lodge in the ſto- 
mach, and elſewhere; that the ſerum is coagulated by hear ; that the blood abounds 
in volatile and ſulphureous, but manifeſts no acid ſalts; that animal falts and ſpirits, 
as ſpirit of urine, or that of harts- horn, are able to make a red ſolution with the 
flowers of ſulphur ; that ſpirit of urine, or of human blood, will ſoon make a blue 
| one 
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one with crude copper; to know the conſiſtence, ſmell, crackling, and 
other qualities of the lympha, when expoſed to the fire; how acid liquors loſe 
their acidity by working upon ſome bodies, as vinegar upon coral; and how ſa- 
line ones degenerate into ſalts of another nature by working upon others, as oil 
of vitriol upon quick-filver ; how acid and ſulphureous ſalts, ſometimes diſarm, 
ſometimes, after ebullition, precipitate each other, and ſometimes unite into a 
third ſubſtance, of a nature different from either, as the vitriolated tartar; in a 
word, to have made numerous careful trials upon the human body, as well as 
other productions of nature, and to have applied the obſervations made on the lat- 
ter, to illuſtrate thoſe of the former, more enables a man to explain ſeveral par- 
ticulars in pathology, than an ignorance of theſe things. 

The chymiſts, methinks, ſpeak too ſlightingly of the humours of the body, 
and allow them too little ſhare in the production of diſeaſes ; for the relations of 
Skenkins, and other eminent phyſicians, as to the corroſiveneſs of ſome animal 
juices, rejected by urine or vomit 3 which, they ſay, would ferment on braſs, 
fret linen, and tarniſh ſilver; incline me to believe that too much has formerly 
been aſcribed to the humours, as hot and dry, cold and moiſt, and too little to 
the ſaline and ſulphureous properties of them. And Hippocrates ſeems to con- 
firm this opinion. Tis not, ſays he, cold or heat, moiſture or dryneſs, that 
« produce ſo great effects as bitter and falt, ſweer and acid; inſipid and ſharp ; 
« whenthey cometo be unduly mixed, and when any of them predominate.” And 
were theſe juices chymically examined by one who knows how to volatilize fix'd 
bodies, and to fix volatile ones; tis — many things relating to the na- 
ture of the humours, and the ways of ſweetening, ſharpening, and otherwiſe alte- 
ring them, with the importance of ſuch an alteration, may be diſcovered. 
Nor might it be unſerviceable to extend this examination to the noxious juices of 
diſtempered bodies; as the phlegm expectorated from unſound lungs, the ſlimy 
excretions in a lientery, or the fluid that diſtends the abdomen in a dropſy; 
which latter I found of a different nature from either water or urine; for ir 
would keep long without putrefying ; and upon evaporation over a gentle fire, 
when freſh, it firſt grew ropy, then ſizy, and at laſt glutinous. | 

Thus, in order to examine the ſtone of the human bladder, I carefully 
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" Stones found in 
two that had been cut out by a lithotomiſt, and found each of them to 47, dg. 


conſiſt of ſeveral coats, that ſucceſſively involved each other, like thoſe of an oni- m,. 


on: and the ſame I fince obſerved in a large ſtone taken our of an ox's gall. 
They were nearly as hard as common ſtones, tho* they differed from each other 
therein, In one of them we found an intermediate coat, diftering in colour from 
the two contiguous ones. Some of the coats were the length of a barly-corn 
in thickneſs; and tho' they cloſely adhered to each other, they were actually as 
well as viſibly ſ In the center of one of them, we found a ſmall ſoft oval 
ſtone, ſo looſe that we picked it out, and preſerved it as a rarity. After this, 
they were finely powdered, and put into a ſmall glaſs retort, ſtrongly coated ; and 
luting a receiver thereto, two ounces and a half, the whole weight of the ſtones, 

ing diſtilled for ſome hours ina naked fire, afforded a large quantity of volatile falt, 
anda reddiſh ſpirit, which in the receiver coagulated into falr. Upon ſeparating the 
veſſels, we found, in the neck of the receiver, a little dark- coloured oil, but much 


F more 
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more in the neck of the retort, incorporated with a good deal of volatile alt, 
of a ſcent and a taſt not unlike thoſe of the ſalt of unſermented urine. The Caput 
mortuum, a light coal-black powder, appeared like fine ſoot, and weighed about 
ſix drams; which ſhewed that above two thirds of the ſtones, being volatile, had, 
in a cloſe veſſel, been forced by diſtillation from the terreſtial parts thereof; while 
the Capt mortuum remained fixed enough to give a ſuſpicion that it contained 
2 oil: calcining it, therefore, we reduced it to about two drams of an 
inſipid white calx; which did not fall aſunder, like lime, when caſt into 
water. 

Subfances of v. From this example it ſhould ſeem no great error in the followers of Paracel- 
1 ſus, to ſay that arſenical, vitriolic, aluminous, and other mineral. like ſubſtances, 
ei dec en ere generated in human bodies. We find ſtony concretions not only in the bo- 
dies of men, but of ſucking children. The heat, it is true, is not violent here; 
but why ſhould that alone be ſuppoſed the efficient of all the changes our aliment 
undergoes, when there are diſſolvents, ferments, ſtrainers, and other powerful a- 
nts ſucceſſively working upon it? A very eminent perſon told me that in rhe 
ts of an odd diſtemper, the ſometimes vomited up ſo ſharp and fretting a 
matter, that it burnt her throat, in it's paſſage, like ſcalding water ; ſtained the 
filver veſſels it was received in, and even worked upon them like a corroſive 
menſtruum. And an intelligent gentleman, alſo, lately complained. to me, that 
in the fits of a ſtrange diſtemper he laboured under, he frequently obſerved that 
part of his pillow along which his breath paſſed, was thereby blacked over, as if 

it had been held in the ſmoke of a fire. 

We might here obſerve, that the ſame water which in paſſing thro* a vine or 
an apricot tree, becomes ſweet fruit, in the lemmon or barberry-tree is 
converted into a liquor able to corrode pearl and coral, like ſpirit of vitriol. Nay, 
credible writers — 224 that a certain Indian fruit will immediately corrode and 
waſt the ſteel inſtrument tis cut with, if it's juice remain upon it; as we ſee 
fome of our apples and pears will ſoon black the blades of knives. I have 
cauſed a Ranunculus to increaſe conſiderably in weight and bulk, by allowing it's 
root nothing but fair water. And as this plant is reckoned poiſonous, and when 
externally applied, capable of raiſing bliſters; why may not ſuch aliment as contains 
many parts more active than water, receive from ſeveral concurring cauſes ſuch 
an alteration in a human body, as to render it like foſſil ſalts, or other minerals? 
Do we not ſee cancers, ulcers, and ſharp humours generated in the body, de- 
ſtructively imitate the operations of arſenic and corroſive ſalts? The infuſion of 
antimony hardly more ſtimulates nature to disburthen her ſelf by the mouth and 
Anus, than doth ſomecimcs a fretting humour; as that which the Cholera mor- 
bus, or other more violent diſtempers. | 

And that aliments ſhould thus degenerate in diſtempered bodies, is leſs ſtrange 
than that water ſhould be changed into an hot veſicatory ſubſtance ;. tho' to leſ- 
ſen the wonder, I can ſay, that from a ſingle pound of common bread, I have 
obtained many ounces of a menſtruum, which will operate upon bodies more 
compact than ſolid minerals, or glaſs it felf; and that too more ſtrongly than 
could be expected from Aua fortiss Theſe things are mentioned to intimate 
how chymical experiments might be uſefully applied to — 4 
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ther by imitating, artificially, ſuch kinds of morbific matter as are ſometimes 
found in the body; or by reſolving that which is therein generated, to diſcover 
it's nature. Not that I think chymical experiments alone ſufficient to explain 
the doctrine of digeſtion, or diſeaſes; it would be difficult from hence to ſhew 
how nutrition is performed; or how the feeding only on vegetables ſhould plen- 
tifully ſtock the blood and urine with a volatile ſulphureous Ge; for plants don't 
yield it by diſtillation. Much harder would it be from chymical principles to 
account for the hereditary propagation of diſeaſes ; or to ſhew how madneſs, and 
ſome other diſtempers, which appear not viſibly to affect the organs, whoſe 
fun&ions they pervert, ſhould not only prove hereditary, but lurk for many 
years in the „before they manifeſt themſelves; and ſometimes deſcend from 
grand-father to grand-child, skipping the intermediate ſon. © I fay, therefore, that 
vulgar chymiſtry cannot ſolve all the pathological phenomena, tho' the true kind may 
Wo in many caſes ; and ſome ſeem inexplicable without it. Let me add, that a tho- 
rough — of the nature of ferments and fermentations would, probably, 
conduce to the ſolution of many phenomena of diſeaſes, which, perhaps, will ne- 
ver be underſtood by any other means. There may, 'tis true, be efferveſcencies, 
and, perhaps, periodically, in the blood and other juices, without a proper fer- 
mentation. For as, at the decline of coughs, the phlegm no longer ſtrongly ad- 
heres to the veſſels of the lungs; ſo other humours, either by growing more fluid, 
or the blood — fitter to diſſolve them, may circulate herewith, and thereby 
occaſion preternatural heats ; whether thro an indiſpoſition to incorporate withit, by 
altering it's texture, diſturbing it's motion, preventing it's due rarifaction, ob- 
ſtructing the finer canals, ing extravaſations, or any other means. * Expe- 
riment has ſhewn there are liquors wherewith if milk, oil, or even water be mixed, 
a remarkable heat will immediately enſue. And I have made uſe of a menſtruum, 
wherein fleſh will, in a few minutes, excite an heat ſcarce tolerable to him who 
holds the containing glaſs in hands. Nor is this the effect of a true fermentation, 
but rather of the diſturbed motion of the particles of the menſtruum ; wherein 
the nature of heat ſeems chiefly to conſiſt. * SI RR 
Buta naturaliſt may not only thus illuſtrate pathology as a chymiſt, but alſo as anana- . lad fle- 
tomiſt. The diſſection of ſound brutes may promote the diſcovery of the correſponding . 
parts in human bodies; and the anatomy of morbid beaſts often gives light as to the ſears 
and cauſes of diſeaſes in men. Tis certain, pathology has been greatly improved by 
the diligence of the moderns in diſſecting of morbid human bodies, and thereby diſ- 
covering the ſeat and effects of the peccant matter that proved deſtructive. And 
the knowledge gained hereby may be augmented or illuſtrated by making the like 
obſervations on brutes. Thus, by a chymical analyſis of the blood of ſheep, deer, 
Cc. it's phlegm, ſpirit, ſalt, and oil are found very like thoſe obtained from hu- 
man blood; and in the bodies of ſeveral other animals, worms, impoſthumes, and the 
like, ſeem manifeſtly to ariſe from the ſame cauſes, they do in us. And 'tis very 
remarkable that conſiderable quantities of graſs have been found in the Apera arteria 


* Bellinideduces the cauſes and ſymptoms of| exp'anation of that term; and Bellini s whole de- 
fevers from alentor of the blood, tho' what that | ctrine of fevers, miy well be conſider d as a com- 
lentor is, he no where, that I remember, fully de-| ment u pon this uſeful hint. 
clares, This paſſage may, therefore, ſerve as an e 
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of cattle, when they were opened; and chyle in the veins of men. *Twas thro? 
want of ſuch knowledge that Helmont aſſerted the ſtone to be a diſeaſe peculiar to 
man. There are alſo Liſeaſes, for the cauſe whereof, the compreſſion, obſtruction 
or irritation of ſome nerve, the diſtenſion of ſome vein, or an obſtructed circula- 
tion of the blood in ſome part, are aſſigned; in which caſes we may ſafely ven- 
ture to make an experiment in brutes thus affected, in order to ſhew the truth 
or falſhood of the ſuppoſition, and eſtabliſh a juſt method of cure. 
A very tall and well ſer gentleman, aged about 24 years, had. his skull bro- 
ken in ſeveral places, by a fall from his horſe; and. being. a perſon of a 5 
eſtate, ſeveral chirurgeons attended him in the courſe of his ſickneſs; during 
which, he was ſeveral times trepann d, and had ſeveral pieces of his skull taken off, 
hglt. Which left great chaſms, as I have ſeen, between the remaining parts. With- 
lire, & v dia. in about three days after his fall, this gentleman was ſeized witk a- dead palſey on 
preſſing upon the his right ſide, tho' it did not Ln affect his arm and leg; the uſe of the lat- 
Guramatr: ter being ſometimes ſuddenly reſtor'd to him in ſome meaſure, and after a while 
almoſt as ſuddenly loſt : but his arm and head were 1 being 
wholly deprived of motion; his arm having fo little ſenſe, that it would ſome- 
times lye under his body without his feeling it. But if his hand were prick'd 
with a pin, he could take notice of it. Thus palſey continued during almoſt the 
whole time of the cure, which laſted 24 weeks. And when: the chirurgeons 
were going to cloſe up his head, as having no more to do; one of them who 
was an ingenious man, oppoſed all the reſt, alledging, that, if they did no more, 
the gentleman would lead an uſeleſs and very melancholy life; and that he was 
| confident, the palſey was ſome way or other occaſion'd by the fall, which had 
left ſomething in the head that they had not yer diſcover d. And the gentleman. 
Himſelf agreeing to the motion, his head was further laid open;. and at length, 
M under a piece of proud fleſh, they found, with much ado, a ſplinter of a bone, 
| that bore hard upon the dura mater, and was not pull'd away without a great 
Hemorrhage, and ſuch a ſtretch of the parts, as made the patient think his brain 
it ſelf was tearing out. But this was ſoon remedied, and his wound ſecurely 
 heal'd up; and he is now a ſtrong 1 . man, and finds no inconvenience by 
having ſo broad and various a Callus in ſtead of the skull; except that he is a 
little liable to take cold in his head. But the memorable — — ſor the 
The bone laſt taken out was 


when 
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when he began to be paralytic, the fide affected, greatly waſted by and chat 
the. paralytic leg was very much extenuated ; but the arm and hand much more ; 
feeming nothing but a ſyſtem of bones, with the skin paſted on them; that 
upon the removal of the bony ſplinter, the conſumption of the parts al- 
{o began to leſſen; and that in no very long time, his leg and arm recover'd their 
proper dimenſions. And I lately ſaw the reſtord arm well plump'd up with 
muſculous fleſh, tho* the weather were exceeding cold. He further told me, 
that he found no difference between the limbs that had been paralytic, and the 
others; except that they would grow ſooner, and more ſenſibly cold in ſharp or: 


froſty weather. 
This gentleman aſſured me that during the courſe of his cure, he was almoſt 


every ſecond day let blood ; that he wanted not an appetite ; thar for the moſt 
part, he ſlept 1 and laſtly, that upon ſo great a hurt, he did not 
vomit, nor had aſterwards any convulſions. 
, To proceed, there is a whole claſs of diſeaſes produced by poiſons, towards 
obtaining a knowledge whereof, experiments upon brutes might greatly conduce ; 
for altho* ſome things may be poiſonous to man, that are not ſo to other ani- 
mals, & vice verſa Z yet, as the greateſt number of poiſons affect both equally, the 
exhibition of them to brutes will afford good opportunities for obſerving their 
effects. Thus a dog, I remember, bore a quantity of opium ſufficient to kill 
ſeveral men; and a cat run mad upon having a large doſe of it given her. 
I am convinced by experiments, that vipers are poiſonous only by their bite, 
when enraged *; and that the immediate application and continuance of a hot. 
iron to the wound they then make, will prevent the ill conſequence thereof. Experiments to by 
This I my ſelf tried in a man, who, for a reward, provoked a black viper, and ſuffer- — | 
ed himſelf to be bitten by it; upon which the injured part inſtantly ſwelled : but ha- and choir 
ving applied a heated knife as near the wound as he could endure it, for 10 or 112 
minutes, the ſwelling did not increaſe, - and the man received no farther harm. +- 
I could wiſh more experiments were made about poiſons, to determine whether 
their operations appear d more ſudden by being receiv'd at the mouth; by being 
applied externally ; or by wounding particular veſſels with inſtruments dipt there 
in. For, I remember to have ſeen ſome Indian poiſons, whoſe noxious efficacy 
was affirm'd to appear at different diſtances of time, and to prove differently mor- 
tal, according as the arrow infected therewith open'd'a capillary or a larger vein; 
or wounded a part that lay near or remote from the heart. This, indeed, I 
have not tried, ſo don't depend upon. Olearius alſo, in his travels, tells us of a 
venomous inſect in Perſia, by the natives called Encureck, which he ſuppoſes a + 


| + But this remedy failed M. Charas, and is 
not ſo certain as the viper-fat, rublyd into the 


* The poiſon conſiſts in nactual liquor, con- 


tain'd in peculiar bags, Which in about the quan- 
tity of a drop, is forcibly immitted in the bite. 
This venomous liquor view'd thro' a microſ- 
cope 2 s to be a parcel of ſmall rigid ſalts 
btiskly floating in a fluid, which when extra- 


fated, 
ſonall and ſharp; with ſomething like little knots 


wound ſoon after it is received. Dr. Mead ſuc- 
ceſsfully made the experiment with it twice, 
upon dogs; and tis the principal thing whereon 
the viper-catchers rely, when they are bitten. 


ſhoots into cryſtals, incredibly See Mead's Eſſays on Poiſons. Ed. 2, p. 27, 30. 
For more experiments made with vipers. See - 


up and down therein. See of Poiſons, p. 9, 
45, 47" | 


Philos. Tranſat. No. 87. p. 50, 60. 


kind 
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kind of tarantula, that neither ſtings nor bites ; but letting fall his venom like a 
drop of water it immediately cauſes inſufferable pain in the part, and ſoon after» 
_ wards ſo profound a fleep, as only one remedy can raiſe from, and that 
is to cruſ one of thoſe creatures upon the part affected. Theſe inſets, never- 
theleſs, are eat by the ſheep of that country without any hurt. I know alſo, 
by fad experience, what an external application of Cantharides can do. Having 
once occaſion for a large veſicatory in my neck, Cant harides were put in to it as 
an ingredient, without my knowledge ; which waked me in a few hours after 
rhe application, with an. exceſſive torment about the neck of my bladder; but 
I ſoon relieved my ſelf by drinking new milk, well ſweeten'd with ſugar- 


. 

I may here mention ſome late experiments made to ſhow the effects of liquid 
poiſons conveyed immediately into the blood; and particularly that famous one of 
Mr. Chriſtopher Wren, who contrived a new way of injecting them. I 

| a large dog, into the vein of whoſe hinder leg we convey'd, by a 
ſyringe, a ſmall doſe of a warm ſolution of opium in ſack. The effects where- 
of became manifeſt as ſoon as we cou'd looſe the dog from the cords wherewith 
his feet were tied; for he immediately began to nod and reel as he walk'd ; 
whereupon, to preſerve his life, I ordered Fim to be kept awake by whipping, 
which after ſome time brought him to himſelf; ſo that he ſoon grew fat upon 
it. fr The fame gentleman at another time, injected in the fame manner about 
two ounces of Vinum benedittum, which operated ſo violently that it ſoon killed 
4 | | | 


he dog. 55 

1 wands wiſh'd, that not only deletereous drugs, but their antidotes, 
ſtrong liquid cordials, and alteratives, might likewiſe'be injected, in a large doſe : 
and was told it had been ſucceſsfully tried with diuretics. + I alſo propoſed 
that the ſame experiments might be made upon malefactors; and not long after- 
wards a foreign ambaſſador, reſiding in London, inform d me that he cauſed ſome 
Vinum benedictum to be thus injected into an inferior ſervant of his, who had de- 
ſerved the gallows ; but the fellow fainting, or pretending to faint, as they were 


about it, occaſion'd them to deſiſt. It might likewiſe be of ſervice in phy- 


#. The common remedy in this caſe, and 


which may not improperly be call'd the ſpecitic 
for it, is a ſtrong ſolution of gum-arabic in wa- 
ter, ſweeten d and drank pretty freely. 

+ Dr. Mead forced into the ſtomach of a (mall 
dog, about half a dram of crude opium diſſolved 
in boiling water. This the dog quickly vomited 
up, butafterwards the Dr. made him take, and 
retain 3 or 4 ſuch doſes in about an hour's time; 
when the dog began to 9 57 but preſently ſtart- 
ed up with convu ſions, fell into univerſal trem- 
blings, loſt the uſc of his hind-legs, which pre- 
ſently grew ſt ff; then, on a ſudden, his limbs 

imber, and he died. Being opened, the 
omach was ound wonderfully diſtended, and 
ſomewhat inf am d. The pylorus was con- 


tracted, the blood veſſels of the brain very full. 


with a lump of concreted blood in one part of it, 
Eſſays on Poiſons, p. 152, 153. | 

+ Doctor Freind made the following experi- 
| ments, with a view to ſhew the, manitcſt alte- 
rations that different medicines would cauſe in 
the blood. 

i, Having injected into the jugular vein of a 
dog, Ijjſs of the panacea of opium, the dog ex- 
pired in 4 minutes; no ſtiftneſs appearing in 
his limbs. Upon opening the Vena cave and 
deſcending trunk of the Aorta, the blood flow d 
out exceedingly thin and bright; the lungs ap- 
peared red, and much diſtended. The blood was 
wonderfully fluid in the heart; and the ventri- 
cles thereof were as free from any coagulum, as 
if they had been waſh'd with hot water. 


| 


* 


2. Six 
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of Philoſophy. 


fic to transfuſe the blood of one animal into another; and with this view *twere 


proper to obſerve, whether by transfuſing 


of blood, the diſpoſition of individu- 


al animals of the ſame kind, may not be much altered: as whether a fierce > 


2. Six drams of London laudanum, being diſ- 
ſolved in cinnamon water, znd given to another 
dog; he was preſent y after, ſe zed with trem- 
bling, and convulſions, which were followed by 
a prodigious ſalivation. Ina quarter of an hour 
the dog died. Being open'd, there was found in 
his ſtomach and guts, a milky matter inti- 
ately mix'd and ting'd with the laudanum. The 
arteries and veins were remarkably diſtended, 
and the blood, all over the body, was incredibly 
rare and thin, 

z. Two ounces of ſpirit of wine were in- 

jected into the jugular vein of a dog ; and his 
| body being opened in half a quarter of an hour 
after, the blood in all the veins and arteries was 
found ſtrongly concreted into clots; but more 
ſoin the ventricles of the heart. 

4. Six drams of ſpirit of fal-armoniac, pre- 
pared with quick lime, being injected into the 
jugular vein of a dog; he was, within a quarter 
of — areas —— his whole bo- 
dy. The crural vein being 'd, and next 
the jugular ; the blood that — was very 
fluid and thin, ſmelt ſtrong of the urinous 
ſpirit, and appeared full of bubbles of air. Soon 
atter half an ounce more of the ſpirit was in- 
jected, the dog expired. His thorax being o- 
pen'd, the lungs appear'd exceeding red, and as 
it were inflam'd; and the blood in all the art e- 


ries, and veins, and alſo in the heart. was vaſtly thin | 


and rarified; only in the Ceſcending trunk of the 
Vena cava, from the liver to the heart, *rwas 
found thick and compact; as when. tis 
extravaſated, and a little cooled. This doubt- 
leſ*, happened, becauſe that whilſt the ſpirit was 
continually propell'd from the jugular into the 
right auricie of the heart, the blood in the de- 
1 Vena cava cou'd not come to the 
heart; fo that being there detained and ſtagnant, 
it acquired ſuch a conſiſtence. 

5. An ounce and half of a ſtrong decoction 
ot the Peruvian bark was, like wiſe, injected into 
the jugular vein of a dog. In a quarter of 
an hour, he was taken with a ſtrong and 
frequent pulſation of the heart, and afterwards 
with convulſive twitchings. Half an ounce 
more being injected, he died convulſed. From 
the crural and axillary vein, when opened, there 
flaw'd a bright liquid blood. The thorax be- 


ing open'den the day — , the lungs ap- 
— red and turgid; much ede 


was found compacted in the right ventricle of 


the heart, but little in the left, and that ſuffici- 
ently fluid. It alſo run fluid and more rare than in 
it's natural ſtate, from the Vena porta and the 
jugular. 
i 6. At nine of clock in the morning, two 
ounces of Lower's chalybeate tincture were given 
to a dog; and little change appeared in him; on- 
ly he ſtagger'd as if he were drunk: at 12 0 
clock he {wallow'd an ounce of ſtcel, prepared 
with ſulphur, mix'd up in butter: and at three 
in the afternoon the was repeated; at 6 
two ounces more of Lowey's tincture were in- 
jected into the jugular vein. Upon which he 
tly began to reſpire ſtrongly, and his heart 
ting violently for an hour after. When 
dead, his abdomen was opened, the peri- 
ſtaltic motion of the inteſtines was obſerved to 


continue for a long time. A maſs of chalybeate 
matter found in the ſtomach ; all the guts, their- 
internal coats tinged of an iron co- 


a 

tour : the blood veſſels and the ladteals were 
greatly diſtended. From the iliac vein, when cut, 
there flow'd a liquid blood, as if the dog had been 
alive: and from the heart, where wounded, it 
ſprung out with a force, and appeared exceeding ' 
rare and red, At 12 o clock a large quantity 
of blood appear'd yet fluid in the heart, and 
the canals belonging to it; but it was leſs fluid 
than in the former experiment. 

7. A dog being mods to take a dram of corro- 
five ſublimate, was, in a quarter of an hour, ſei-. 
zed with a vomiting and violent convulſions ;. 
and in an hour's time it made him purge, and he 
died. His abdomen being opened, all the viſcera ap-- 
pear'd exceeding red, and in many places inflam'd; 
a very large quantity of extravaſated blood lying a- 
bout the pancreas, ſo that the glands thereof ap- 
peared diſtin, as if they had been ſeparated 
from one another. The canals, alſo, were ſo di- 
ſtended that the ſma!l veſſels, which run be- 
tween the coats of the veins and zrteries, were 
viſible. The kidneys and ſpleen were filled with 
a liquid blood. The lungs appeared red and tur- 
pid; and a very large quantity of totally fluid 

lood was found in the heart; and the fame ſort. 
i ſſued from all the veins and arteries. 

8. An ounce and half ot the ſpirit of vitriol, 
being injected into the jugular vein of a dog; 
he was ſoon taken with a difficulty in his re- 
ipiration; and with the utmoſt labour of bis 
lunge, died convulſed. The blood in his veins. 
| Was 


» 4 
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kind of tarantula, that neither ſtings nor bites ; but letting fall his venom like a 
drop of water, it immediately cauſes inſufferable pain in the part, and ſoon after» 
_ wards ſo profound a ſleep, as only one remedy can raiſe from, and that 
is to cruth one of thoſe creatures upon the part affected. Theſe inſets, never- 
theleſs, are eat by the ſheep of that country without any hurt. I know alſo, 
by ſad experience, what an external application of Cantharides can do. Having 
once occaſion for a large veſicatory in my neck, Cantharides were put in to it as 
an ingredient, without my knowledge ; which waked me in a few hours after 
the application, with an. exceſſive torment about the neck of my bladder; but 
I ſoon relieved my ſelf by drinking new milk, well ſweeten'd with ſugar- 
I may here mention ſome late experiments made to ſhow the effects of liquid 
poiſons conveyed immediately into the blood; and particularly that famous one of 
Mr. Chriſtopher Wren, who contrived a new way of injecting them. I 
| a large dog, into the vein of whoſe hinder leg we convey'd, by a 
ſyringe, a ſmall doſe of a warm ſolution of opium in ſack. The effects where- 
of became manifeſt as ſoon as we cou'd looſe the dog from the cords wherewith 
his feet were tied; for he immediately began to nod and reel as he walk'd ; 
whereupon, to preſerve his life, I ordered x to be kept awake by whipping, 
which after ſome time brought him to himſelf; ſo that he ſoon grew fat upon 
it. fr The fame gentleman at another time, injected in the fame manner about 
2 8 of Vuum benedittum, which operated ſo violently that it ſoon killed 
the dog. | | | | 
T afterwards wiſh'd, that not only deletereous drugs, but their antidotes, 
ſtrong liquid cordials, and alteratives, might likewiſe'be injected, in a large doſe : 
and was told it had been ſucceſsfully tried with diuretics. f I alfo propoſed 
that the ſame experiments might be made upon malefactors; and not long after- 
wards a foreign ambaſſador, reſiding in London, inform d me that he cauſed ſome 
Vinum benedictum to be thus injected into an inferior ſervant of his, who had de- 
ſerved the gallows; but the fellow fainting, or pretending to faint, as they were 
about it, occaſion d them to deſiſt. It might likewiſe be of ſervice in phy- 


* The common remedy in this caſe, andſ with a lump of concreted blood in one part of it, 
which may not improperly be call'd the ſpecitic Eſſys on Poiſons, p. 152, 153+ 
for it, is a ſtrong ſolution of gum-arabic in wa- Doctor Freind made the following experi- 
ter, ſweeten d and drank pretty freely. ments, with a view to ſhew the manitcſt alte- 
+ Dr. Mead forced into the ſtomach of a (mall| rations that different medicines would cauſe in 
1 half a dram of crude opium diſſolved |the blood. 
in boiling water. This the dog quickly vomited 1. Having injected. into the jugular vein of a 
up, but after wards the Dr. made him take, and | dog, 3jj{s of the panacea of opium, the dog ex- 
retain 3 or 4 ſuch doſes in about an hour's time; | pired in 4 minutes; no ſtiffneſs appearing in 
when the dog began A ＋ but preſently ſtart- his limbs. Upon opening the Vena cave and 
ed up with convu ſions, fell into univerſal trem- | deſcending trunk of the Aorta, the blood low'd 
blings, loſt the uſ- of his hind-legs, which pre-| out exceedingly thin and bright; the lungs ap- 
ſently grew ſt ff; then, on a ſudden, his limbs | peared red, and much diſt + Theblood was 
imber, and he died. Being opened, the | wonderfully fluid in the heart; and the ventri- 
omach was ſound wonderfully diſtended, and] cles thereof were as free from any coagulum, as 
ſomewhar inf am d. The pylorus was con- if they had been waſh'd with hot water, 
trated, the blood veſſels of the brain very full. 


2. Sin 


The Uſefulneſs of Philoſophy. TY 
Ge to tramsfuſe the blood of one animal into another; and with this view *twere 4 


„Whether by transfuſing of blood, the diſpoſition of indi vidu- gf. f the 
proper to obſerve, whether by transfuſing o „the diſpoſition of indiv u rrandf of the 


al animals of the ſame kind, may not be much altered: as whether a fierce E. 


2. Six drams of London laudanum, being diſ- 
ſolved in cinnamon water, «nd given to another 
dog; he was preſent'y after, ſe zed with trem- 
bling, and convulſions, which were fol owed by 
a prodigious ſalivation. Ina quarter of an hour 
the dog died. Being open'd, there was found in 
his ſtomach and guts, a milky matter inti- 
ately mix'd and ting'd with the laudanum. The 
arteries and veins were remarkably diſtended, 
and the blood, all over the body, was incredibly 
rare and thin, 

z. Two ounces of ſpirit of wine were in- 

jected into the Jugular vein of a dog ; and his 
body being opened in half a quarter of an hour 
after, the in all the veins and arteries was 
found ſtrongly concreted into clots; but more 
ſoin the ventricles of the heart. 

4- Six drams of ſpirit of fal-armoniac, pre- 
pared with quick lime, being injected into the 
jugular vein of a dog; he was, within a quarter 
of - wu convulſed over his whole bo- 
dy. The crural vein — firſt d, and next 
the Jugular ; the blood that — was ver 
fluid and thin, ſmelt ſtrong of the urinous 
ſpirit, and appeared full of bubbles of air. Soon 
atter half an ounce more of the ſpirit was in- 
jected, the dog expired. His thorax being o- 
pen'd, the lungs appear'd exceeding red, and as 
it were inflam d; and the blood in all the art e- 
ries, an1 veins, and alſo in the heart. was vaſtly thin 
and rarified; only in the ceſcending trunk of the 
Vena cava, from the liver to the heart, *twas 
found thick and compact; as when. tis 
extravaſated, and a little cooled. This doubt- 
leſs, happened, becauſe that whilſt the ſpirit was 
continually propell'd from the jugular into the 
right auricie of the heart, the blood in the de- 
_ Vena cava cou'd not come to the 
heart; ſo that being there detained and ſtagnant, 
it acquired ſuch a conſiſtence. 

5. An ounce and half of a ſtrong decoction 
ot the Peruvian bark was, |ikewiſe, injected into 
the jugular vein of a dog. In a quarter of 
an hour, he was taken with a ſtrong and 
frequent pulſation of the heart, and afterwards 
with convulſive twitchings. Half an ounce 
more being injected, he died convulſed. From 
the crural and axillary vein, when opened, there 


flaw'd a bright liquid blood. The thorax be- | he 


d on the day following, the lungs ap- 


ing © 
exceeding red and turgid; much he of 


Pear 


was found compacted in the right ventricle of 


the heart, but little in the left, and that ſuffici- 
ently fluid. It alſo run fluid and more rare than in 
it's natural ſtate, from the Vena porta and the 
jugular. 

6. At nine of clock in the morning, two 
ounces of Lower's chalybeate tincture were given 
to a dog; and little change appeared in him; on- 
ly he ſtagger d as if he were drunk: at 12 0 
clock he wallow'd an ounce of ſteel, prepared 
with ſulphur, mix'd up in butter: and at three 
in the afternoon the doſe was repeated: at 6 
two ounces more of Lowey's tincture were in- 
jected into the jugular vein. Upon which be 

tly to reſpire ſtrongly, and his heart 
beating violently for an hour after. When 
dead, his abdomen was opened, the peri- 
ſtaltic motion of the inteſtines was obſerved to 
continue for a 3 — A maſs of chalybeate 
matter found in the ſtomach ; = the — their 
internal coats a ing ti an iron co- 
jour : the blood veſſel üs lacteals were 
greatly diſtended. From the iliac vein, when cut, 
there flow'd a liquid blood, as if the dog had been 
alive: and from the heart, where wounded, it 
ſprung out with a force, and appeared exceeding 
rare and red. At 12 © clock a large quantity 
of blood appear'd yet fluid in the heart, and 
the canals belonging to it; but it was leſs fluid 
than in the former IS 

7. A dog being made to take a dram of corro- 
five ſublimate, was, in a quarter of an hour, ſei- 
zed with a vomiting violent convulſions ;. 
and in an hour's time it made him purge, and he 
died. His abdomen being opened, all the viſcera ap- 
pear'd exceeding red, and in many places inflam'd; . 
a very large quantity of extravaſated blood lying a- 
bout the pancreas, ſo that the glands thereof ap- 
peared diſtin, as if they had been ſeparated 
from one another. The canals, alſo, were ſo di- 
ſtended that the ſmall veſſels, which run be- 
tween the coats of the veins and arteries, were 
viſible. The kidneys and ſpleen were filled with 
a |:guid blood. The lungs appeared red and tur- 
pid; and a very large quantity of totally fluid 

lood was found in the heart; and the ſame ſort. 
i ſſued from all the veins and arteries. 

8. An ounce and half ot the ſpirit of vitriol, 
being injeRed into the jugular vein of a dog; 
was ſoon taken with a difficulty in bis re- 
ipirationz; and with the utmoſt labour of his 


lunge, died convulſed. The blood in his veins . 
# Was 
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by being quite new ſtocked with the blood of a cowardly dog, may not become 
more tame, and vice verſa. | 

Whether immediately upon unbinding a dog, repleniſhed with adventitious 
blood, he will know and fawn upon his maſter ; and do the like cuſtomary things 
as before? And whether he will do ſuch things better or worſe, ſometime after 
the ion. 

hether the peculiarities of dogs, will either be aboliſhed, or impaired by 

transfuſion? As whether the blood of a maſtiff, being frequently transfuſed into 
a hlood- hound, or a ſpaniel, will not prejudice them in point of ſcent 4 

Whether acquired habits will be deſtroyed or impaired by this experiment? 
As whether a dog taught to fetch and carry, to ſet, &c will, after frequent and 
full recruits of the blood of dogs, unfit for thoſe exerciſes, be as good at them as 


| before? 


was found very thick and greatly concreted; but | ſmall veſſels which run thro the external coat 
ſo unequally that much of the ſerum ſeem'd | of the kidneys, were very viſible: the lungs 1. 
uncoagulated. A thick grumous matter fill'd — turn d with concreted blood; and 
the ventricles of the heart, almoſt like a poly- t was greatly diſtended with ſome, that, in 
pus; black blood ſtagnated in the lungs, and a |the right ventricle, was as thick as geliy; but 
2 being extravalated, adhered to ſome of the more 10.1. in the left. 
obes thereof. The ſame ſpirit of vitriol, being | 11 Two ounces of vinegar, thrown into the 
injected into a dog, which a little before had | jugular vein of a dog, only cauſed his heart to 
en two ounces of liquid laudanum, turned | beat more frequent; two ounces more made h:s 
his blood exceeding liquid, part of which was | reſpiration difficult and troubleſome ; but this 
juſt before let out from a vein, grumous. went off upon letting out a large quantity of 
9. A little dog having by injection received in- blood, which appeared ſomewhat clotted, from 
to his jugular vein two ſcruples of Saccharum the iliac artery. The ſame doſe being again in- 
Saturn, diſſolved in half an ounce of the de- jected, the dog expired. A very thick maſſy 
coction of pomegranate ſhells; the motion of |blood came from the iliac vein when opened; 
his heart preſently began to languiſh; his re- [in the other veins, and in the arteries, *twas 
ſpiration became hard and difficult; and convu'. [lightly concreted; but in the heart, and eſpeci- 
ſions ſeizing him, be died in five minutes. The [ally in the left ventricle thereof, ſome part of 
Jugular and iliac veins being opened, blood iſ- [it was ſtrongly corgulated. 
ſued out thereof, that was partly fluid, and part- | 12. Half an ounce of Spir. Salis Dulc. injected, 
ly grumous and thick concreted, ſomething after the ſame manner, into another dog; his re- 
like an oil floating upon it, which in taſt re- | ſpiration thereby became ſtrong and high; but 
ſembled Saccharum Saturni. The blood in the |by degrees it ſunk ſo faſt, that the dog died 
aorta was ſo concreted that it was almoſt fi- |before the injection was finiſhed. The blood 
brous. The lungs were full of coagulated | appeared greatly concreted in all the veins and 
blood, and in ſome p'aces inflamed. The blood | arteries. The lungs were inflamed. the heart 
in the heart was ſo concreted that it ſeemed to filled, and, as it were diſtended wiih blood; fo 
grow to the pillars of it's ventricles. that four ounces were taken from the right 
10. Half a dram of dragon's blood, diſſolved | ventricle, cor c. eted like a gelly. In the left 
in warm water, being, at twice, injected into | there was little, but ſtrongly coagulated; and in 
the jugular vein of a large dog; the motion of | the aorta *rwas like a polypus. 
his heart, and his reſpiration were more fre-| 13- Half a dram of Gi of ſteel, diſſolved in 
quent, aod after wards, without any ill ſymptom, | two ounces of water, and injected into the ju- 
he ſuddenly fell down dead. Soon after, the | gular vein of a dog, gave him a palpitation of 
muſcles of his thorax were ſo conyulſed, that | the heart, and a very great difficulty of reſpira- 
they appeared both the ſight and touch alter- |tion; upon which he died. The blood in the 
nately to contract and relax themſelves. The | iliac vein was not concreted, but a little clotted. 
jugular vein being opened towards the head, In the heart and aorta it was ſomewhat coagu- 
a frothy blood came out. almoſt one half where- | ted, but leſs than in other experiments. Fremd 
of was cictted. Thatin the iliac vein was whol- | Emmenolog, p. 167, 171. 180-183. For more 
ly concreted into a ſolid maſs ; ſome ſmall porti- | experimentsof this kind, made upon arterial and 
ons of it appearing as compact as if the cavity | venal blood, and upon the ſerum. See Pit- 
of the vein had been injected full of wax. The i carn, Element. Med. p. 28-33. 


3 recei- 
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"Whether any conſiderable change is to be obſerved in the pulſe, the urine, or 
cother excrement of the receiving animal, or in the quantity of his inſenſible 
*tranſpiration? 

Whether, the other dog being full fed at ſuch a diſtance of time before the 
operation, that the maſs of blood may be ſuppoſed to abound with chyle, the 
receiving dog, bei 8 will loſe — ay more than if the emit- 
tent dog's blood had not ſo chylous? And how upon opening a vein 
W eee 8 

er a may alive wit eating, y frequently injeQi 
the chyle of another, taken freſhly from the receptacle, into the veins? * 
Whether a dog that is ſick of ſome diſeaſe, chiefly imputed to the mais of 
blood, may be cured by 2 for that of a ſound dog? And whether 
a ſound dog, may receive ſuch diſeaſes from the blood of a ſick dog, as are not 
otherwiſe of an infectious nature? | 

What will be the effect of frequently ſtocking an old and feeble dog with 
the blood of young ones, as to livelineſs, dulneſs, drowſineſs, &c. 

Whether a ſmall young dog, by being often freſh ſtocked with the blood of a 


JI See © keyer wag will grow bigger than the ordinary ſize of his own 


Whether any medicated liquors may be injected, t with the blood, into 
a dog ? And in caſe they may, whether there will be any conſiderable diffe- 
rence found, between the ions made on this occaſion, and thoſe, which 
would be made, if ſuch medicated liquors had been injected, with ſome other 
E TT. Sn, id ls before the 

| a purging medicine given to a 0 ope- 
ration, the . dog will be thereby purged, . 2 _ 

Whether the operation be ſucceſsfully practiſed, in caſe the injeRed blood 
be that of an animal of an . » Oc. and of a 
— 5 fiſh, frog, or tortoiſe, into the veſſels of a hot animal, and 
vice verſa 

Whether the 2 of the hair or 797 — — the fre- 

tl ting this operation, will be c into that of the other 

haber by frequently transfuſing into the fame dog, the blood of ſome ani- 
mal of another ſpecies, ſomething further and more tending to a degree of change 
of ſpecies, may be effected, at leaſt in ſimilar animals, as ſpaniels and ſetting 
a 04s and ordinary grey-hounds, &? 
hether the transfuſion may be practiſed upon pregnant bitches, at leaſt at cer- 
tain times of their gravidation? And what effect will it have upon the whelps? * 


* From ſeveral experiments of the trans fuſionſ ledge that one animal may live with the blood of 
of the bood, mentioned in the Philoſophical Tranſ-| ano her; and that thoſe animals, which want blood, 
actions, it appears, that the blood of young crea-| or have it diſtempered, may be ſupp ied with a 
tures, admitted into old. ones, makes them, as tufficient quantity of ſuch — from other 
it were, young again. And the principal advantage] animals. 
hitherto pars, by ſuch experiments is the know- 


G SECT. 


4¹ 


The advantages 


of natural philoſo- 
phy to the ſemeioti- 
cal part of medi- 


cue, 
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SECT. IL 


be acquainted with the ſolids and fluids 


The 


bark recommended 


Perurian ral of 427 
Ares. and 
| pe to the ſurprize of them all; it never failed. 
Some, t they were api rev by repeating the 
medicine; ſo that many eminent phyſicians, d by theſe examples, gave into 


the uſe of it, and were never deceivedthereby. t And 


-* * This is an uſeful hint to 


duration, ſeverity, and event of di 
ficians are built 


n the preſent eſtabliſh'd remedies, and a d 
cure: whereas, i generous and powerful medicines were diſcover'd, 


HO che ſemeietical part of phyſic ſeems leſs capable than any of receiving 

mprovements from natural philoſophy ; yet by giving light to anatomy. 

and 2 *twill enable a phyſician the better to fo 

conſtitutions of his patients, and the on 
the 


rm a judgment upon the 
of their diſeaſes. For certainly, to 


body, is the 


1 me for this 
purpoſe. A naturaliſt, alſo, by improving the curative part of medicine, may alter the 


for the common predictions of phy- 
tical method of 
need 


not ſo often, in acute caſes, wait for a criſis to inſtruct them; “ and the threat- 


ning ſymptoms of chronical diſtem 


upon better conjunctures; 
indeed 5 ſuffered relapſes, 


(926 yet it is very ſerviceable to 
ve recourſe to ot 


a medicine able to 
many of the moſt conſiderable 


er remedies; tho the bark is every way ſuffici 
hand that knows how to aſſiſt it by med + 

but wonder it has never been tried in other diſt 
prevail againſt ſo obſtinate a diſtem 
of the body are 


ympt pers would frequ rove fallacious. 

When the Perwvian bark was ſcarce heard of among ws e eee 
friends afflicted with quartans, in the moſt anfavour 

er ſuch diſadvantageous circumſtances that their phyſicians only hopes de- 


ſeaſon of the year; 


ting relapſes do hap- 
a reſpite, wherein a phyſician may 
tent in a prudent 
tives. 1 I cannot, therefore, 
3 for tis highly probable. that 

as a quartan, wherein 
Red, ſhould be ineffectu- 


al in others. & But —— expels the morbific matter, or alters 


phyſicians: to 
wait for a criſis is leaving the diſtemper to it ſelf; 
to promote it is determining the fate of the pa- 
tient the ſooner; but to prevent it, where this 
can be done with ſafety, is the thing we ought 

1 Tis a curious obſervation of Dr. Freind, 
that phyſicians unjuſtly. complain of the uncer- 
tain effects of remedies; and that the fault they 


attribute to the medicine, is in truth, their own. }- 


For he ſhews that the different operation of re- 
medies ariſes not from a changeof virtuein the 
medicament, which continues always the ſame, 
but from the different ſtate of the body wherein 
it is applied. The. ation ofthe former, ſays he, 
is ever ſimilar to it ſelf ;.tho* according to the 
different diſpoſition of the body, it may ſeem to 

uce different, and, perhaps, contrary effects. 

the fame fire will ſoften ſome things and 


a fever if the blood be thin, will raiſe the pulſe, 

but depreſs it, if that be thick: ſteel, if the veſſels 

will ſuffer a farther diſtention, opens obſtructions, 

but increaſes them if the veſſels will yield ao more: 
.emetics prove cathartic if the ſtomach be ſtrong ; 

and cathartics prove. emetic if that be 

ſudorifics thin the blood, but do not promote ſweat, 

-unleſs the cuticular glands be free and open, Cc. 

See Emmenolog. Þ 148-155. 

+ This method is now generally practiſed 
with happy ſucceſs;- and we are obliged to Mr. 

| Boyle for ſetting it on foot. 

S Mr. Beyle is often am excellent guide to phyſi- 

oians, and recommends nothing to them with- 

ou: reaſon. This advice;alſo, bas been happily put 
n practice; and the bark is ſucceſsfully uſed as 
a ſtomachie, anaſtringent, a ſtrengthener, a cordi- 

al, Ge. and ſtill ſeems applicable to many other 


harden others, by acting in the Game manner ;and 


I's 
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it's texture ſo as to render it harmleſs ; or whether it afterwards ſecretly produces 
my noxious effects in the body, muſt be a work of time to diſcover. * In 
the mean while, if Riverizs has not flatter'd his Febrifugum, there will be no want 
of a fafe remedy for quartan _ 

To proceed, as ſtubborn a diſeaſe as is that of the king's- evil, we have known 
it cured, as we faid above, by a ſlight and eaſy remedy. I might add, that an 
experienced chymiſt, has promiſed to ſhew me a way of making very uncom- 

mon, yet rational predictions, in ſome abſtruſe diſeaſes, b ining the pati; 
entẽ's urine. But as ſome chymiſts have written — upon a like on 3 
and as I have not hitherto ſeen the experiment, I dare not offer this as an inſtance 
of what I am endeavouring to ſhew. But tis not altogether improbable that by 


precipitation, and other unuſual ab — the urine, made by the ſame 
eg at ſeveral times, before, during, and after ſome great alteration in the 
body; many diſcoveries, particularly in acute diſeaſes, _ be made, eſpecially if 
other excrements of the ſame patient be at the ſame time chymically examin d. 


That queſtion, concerning the curableneſs of all diſeaſes, might eaſily be de- , 
termin d, by obſerving tis one thing to ask, <* whether all diſeaſes be curable , ratle. 


and a differcat one whether all perſons are recoverable ; for a diſeaſe may be 
incurable, either in it's own nature, or by accident; that is, either tis incurable in 
patient, or the circumſtances of a patient may render it ſo. No follower of 
Paracelſus wou d affirm every diſeaſe to be curable in every patient; nor would a 
P Galenift aſſert that the gout, the dropſy, and the ſtone, are univerſally 
incurable. 
Tis true, I cannot but condemn the vain-glory of Paracelſas, and his follow- 
yet 1 —ů— — chymiſts for giving us hopes of perform- 
ing greater cures than were before their trials attempted. For, till the world was 
awaken'd, by many promiſes, and ſome great performances of Arnoldus de Villa nova, 
Paracelſns, Rulandus, Severinus, and Helmont, phyſicians made very free with 
the word incurable ; and wou d rather detract from nature and art, than confeſs 
that both, in conjunction, cou d perform more than ordinary medicines. And, I 
fear, there are ſtill too many, who, tho they will not openly ſay certain diſeaſes 
are incurable ; yet would undervalue, if not deride him, who u'd attempt to 
cure patients afflicted with them. So that I am apt to think many men have 
been ſuffered to die, whoſe lives might have been ſaved, wou'd phyſicians have 
attempted to fave them. *T were, therefore, doing no fmall ſervice to mankind 
to make a collection of the cures: of ſuch perſons as have recovered after being 
pronounced incurable by the doctors, to prevent them, for the future, from father- 
ing their own ignorance upon the weakneſs of nature; and pretending to the world 
that the art of phyſic muſt fail with their skill. Nor ſhou'd the cures of nature 
be omitted in ſuch a catalogue, becauſe they ſhew what may, poſſibly, be done 
by natural means, to evacuate the morbific matter, or change it's nature; or elſe how 


far the tone of a part, or ſtrength of the body, may be vitiated or impair d 


rable-medicine, in ꝓrudent hands; and is till a 
nob e ſpecific in.intermitting fevers without leav- 


he out-cryagainſt it. 
G2 whilſt 


* It has hitherto proved a ſafe and admi- bis os dregs, or ill eſſects behind it, as was long 
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whilſt it remains capable of ſome reſtitution. Dr. Harvey told me, that: 
«. a patient of his was perfectly cur'd of a confirm'd cataract, by the 
« uſe of phyſic, that promis d no ſuch effe&”. The learned Perronius alſo 
mentions © a venereal patient, who, having formerly loſt the Ln of one eye 
te by. a cataract, recover'd it by the uſe of the mercurial unctions preſcribed. 
te him for his other diſtemper”, And Mr. Halher, the lithotomiſt, gave me an ac- 
count of „ a maid who had fo far loſt the ſenſe of feeling in the external 
cc parts of her body, yet without any diminution of their motion; that, tho 
< he deſignedly pinn d her handkerchief to her bare neck, ſhe- would walk 
cc about with it, ſo fix d, unſenſible of what had been done. But continu- 
< ing, (added he,) a long time in the 2 uncur'd ; Dr. Harvey, out of 
cc curioſity, viſited her; and, ſuſpecti cafe to be hyſterical, adviſed. her 
te parents to marry her;. which being done, ſhe- was, according to his predicti- 
66 on, reliev d from that e diſtemper 5 

That, in- acute diſeaſes, perſons given over by phyſicians may recover, none 
will deny. Celſus, himſelf, ſays, “ it ought to be obſerv'd, in acute caſes,. 


4 that the ſigns of life and death are very fallacious*” ; and Fippocrates,..that - 


maſter in prognoſtics, allows them to be uncertain; whence the French pro- 
verb, © it's better to be ſentene d by the doctor, than the judge”. Nay, even 
in chronical diſeaſes, where events uſually better anſwer the phyſician's prog- 
noſtics; there are, ſometimes, ſuch cures perform'd, as may encourage | 
induſtry,. and prevent a ſick man's friends from deſerting him, while any life 
remains. For it not only frequently happens, that perſons given over by ſome- 
phyfictans, are. cured, perhaps more fortunately than Skilfully, by others ; bur 
thoſe whom judicious and experienc'd men have deſpair d of, thro the ſupposd 
incurableneſs of their diſeaſe, rather than their perſonal condition, have been re- 
cover d by powerful remedies. And of ſome ſuch cures I am, myſelf, a wit- 
neſs. Among other. accounts F have receiv'd of the cures of cancers, perform'd ' 
by Dr. Harberfeld, phyſician to the king of Bohemia, I cannot omit, that upon 
an Enghſh woman, above ſixty years old, whom, after having long lain in an 
hoſpital in Zealand, with a- cancer'd breaſt, he perfectly cur d thereof, in 
the ſpace of fix weeks, by one ſingle internal remedy. Phis relatien was made 
me by. perſons of great veracity ;- the one a phyſician, an eye-witneſs of the 
cure; the other a child of Cornelius Drebell, who not only ſaw the cure, but 
knew the woman before that time, and was the perſon who brought her to the 
doctor. The fame perſons inform'd me, that the medicine was a chymical li- 
quor, which being given, about a ſpoonful or two for a doſe, work*d ſudden- 
Wand briskly, by vomit; ſo that its operation ended within an hour, or leſs, 
aſter it was taken.. Some of it they preſented- me with; and finding it to 
taſt like vitriol, I ſuſpect that to be its chief ingredient. They farther aſſured 
me, that having obtain'd of the. Dr. a large quantity of this ſpecific, they had 
therewith, both in Exglaud, and elſewhere,. perform'd ſurpriring cures in the 
king's-evil. And an eminent gentleman of this nation, now alive and healthy, 
was cured thereby; tho” the king's evil had brought his arm to that condition, that 
the chirurgeons appointed the time for its ampyration.. And, by the _— 
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uſe of the fame liquor, they profeſs themſelves to have cur d many external. 
and inveterate ulcers. But theſe are rather chirurgical than phyſical cures. 
The fad prognoſticsphyſicians uſually make of Soph, particularly the cites, are 
too frequently verified, when they only preſcribe common medicines. I remember a 
happy cure of this diſtemper, perform d by a German phyſician, of whom I had 
heard a great commendation in Holland. I found him, in many reſpects, a 
modeſt man; and tho he durſt not promiſe to cure ſs. formidable a diſeaſe, 
he ag: +: himſelf poſleſs'd* of one remedy which had never, hitherto, - 
fail'd him; tho try*d upon perſons of different ages, ſexes, and conſtitutions. 
And as incurable as the radicated gout is imagin'd, eſpecially in intemperate 
ons; yet I knew an honeſt merchant of Amſterdam, who, after being ſo 
ng tormented with it; both in his hands and feet, that his fits would con- 
fine him a great part of the year, and not leave him without hard knots in 
his joints, was cured with a very few doſes of a powder and tincture, not 
only of his pains, but gouty nodes; and tho' he indulg'd himſelf the free 
; uſe of Rheniſd wine, he has never had a fit ſince that time, which. is ten or 
| twelve years ago, as himſelf affured me. | 
How far a skill in r and other parts of philoſophy, may aſſiſt 
to diſcoyer more able remedies than are yet current among us, might be ſhewn in The We, is the 
many other inſtances ;- but I. chuſe. to inſiſt upon that of the ſtone in the blade pea 


Chymiſtry, as it has of late been cultiva- | cles cohere among themſelves, proceeds from 
ted, _=_ no leſs ſerviceable in philoſophy | attraction, and is variouſly changed, according 
than phyſic. And tis ſueprizing to» ſee bow | to their various degrees of contact. By means 
Sir Iſaac Newton applies it to the nobleſt pur-| of theſe Lemmata, which are proved by geo- 
es in nature. Dr. Freind, in his chymical | metrical writers, and, particularly, by Sir Iſaac 
tures, bas undertaken to give a ical | Newton and Dr. Keil, he attempts to ſolve the 
account of the principal operations of this art. |phenomenafirſt of calcination, diſtillation, and ſub- 
To which end, he lays: it down, by way of | limatioo, which he ſuppoſes to be analytical 
poſtulatum, that all ſimilar: bodies are in a tri-[operations; and ſecondly, of fermentation, digeſ- 
plicate ratio of their homologous ſides; and if tion, extraction, precipitation, and cryſtallization, - 
of the ſame denſity, that their weights are as the | which he treats as ſynthetical. In the firſt 
cubes, but-their ſurfaces, as the ſquares of their | place, then the Dr. ſuppoſes that liquifaction 
diameters; that the moments of bodies are in | happens whilſt the fiery corpuſcles inſinuate 
a ratio, compounded of their quantity of mat- | themſelves between the particles of bodies, and 
ter and velocity; that if a body be-ipecifically |disjoin them, ſo that they touch each other in 
heavier than a fluid wherein it is immerſed, in fewer points than before; as appears from 
it deſcends with a force anſwerable to it's ex- [the rarifation of the body diffolv'd: and from 
ceſs of gravity ; but if lighter than the fluid, | the different coheſion of the parts of bodies he 
it ads 8 with- the force whereby-it's gra” deduces, all the variety that happens in liqui- 
vity is exceeded by that of the fluid; that there | faction. Calcination, ſays the Dr. is the effect 
is an attractive power in all the parts of matter ſof liquifation continued; wherein th? more 
which diffuſes itſelf but to ſmall diſtances; be-4 volatile corpuſcles fly off; and the particles of 
ing ſtrongeſt at the point of contact, and de-| the fire enter the body in ſuch plenty, and in- 
creaſing in more than a duplicate ratio of the | timately mix themſelves therewith, that it can 
diſtances; that this power differs-with the va- no longer appear in the form of a fluid; and 
rious texture and: denſity of the particles, and is | henee, ſays he, the wright of the caltin'd bo- 
greater on one ſide of the ſame particle than on the dy is increaſed. And vitrification, according 
other 3 that the ſmaller the particles are, they |to him, is no more than a greater degree of 
approach each other with the greater veloci- | calcination ; as common glaſs is by a2 
ty and, laſtly, that the force, by which parti- OI IO WOuy 2 
| ter 
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der. For tho' it be almoſt univerſally c'd incurable, | I remember the 
famous Monardes, treating of the ſeed of a Perwviar plant, call'd Chalchoos, tells 
us, tis highly eſteem'd by the inhabitants of the country, wherein it grows, 
not only for a diuretic but a lithontriptic, “ of which, ſays he, they produce 
« ſo many inſtances, that I cannot but wonder at it”, And the learned Dr. 
Gerard Boot had a famous remedy for the ſtone, wherewith, as he told me, 
he had frequently cur'd it in the kidneys ; but that in the bladder he thought 
impoſſible to be diffoly'd : yet a little before his death, he acknowledged he 
had then lately done ir to one Mr. Aaulin; and that too by his conſtant medi- 
cine, the diſtill'd water of arſmart, which he accidently learnt from à country 


gent 


His skill where I happen'd to be, 


had of a ſtone in my bladder; but he, upon fearch, 
as J afterwards found it. I then asked him, if he had an 


leman, who had cur'd' great numbers therewith. * 
: er 28 1 "y with 23 empiric, famous 
or cu r ne in the bladder; who havi ven. ſome 

ill & I — 4 a fi 


proofs of 
icion I long 
me there was none; 
diſſolvent for the 


afar 


None ; he anſwer d, he cou'd cure no man of a confirm'd tone, without the 


help of his knife; but as for lumps of 


internal remedy, by which, with a part 


gravel, not firmly cemented, he had an 
icular way of cruſhing them with his 


Fingers from without, he cou'd render them voidable by urine. And by this 


means, he ſaid, he had cur'd a citizen of Cork of a 
quiry, I found to be true; and therefore purchas'd his receipt. 
Cardas relates, that in his time there travell'd a man over Lombar 
a certain liquor, ſafely, ſpeedily, and certainly cur'd the ſtone in 
has told the world how he cur'd himſelf of the fame by 


and Lawrember 


Lius 


ſtone; which, upon in- 


„ who, 
e * 


Millepedes, 8c. And, indeed, the beſt arguments that are brought to ſhew 


Aghter, and more droſſy particles: hence the 
Is of the glaſs exceeds tFat of the mate- 
rials whereof it is 'd. Secondly, the 
Dr. aſcribes the aſcent of fl illati 


uids, in diſtillation, | 


ſolving in a liquor, or menſtruum; and this 
operation he divides into diſſolution and ebull'. 
tion. Diſſolution happens, ſays he, if the cor- 

of the body to be diffoly'd, attract the 


to their diminiſh'd weight, by means of rari- 
faction; and the impulſe of the fire; which 
acting with great velocity, may raiſe very hea- 
vy particles. Whence the time of elevation, in 
bodies diſtill'd, is in a compound proportion, 
of their rari faction and ſpecific gravity. Thus 
ſpirit of wine, of ſal- ar moniac, gc. being 
ſpecifically lighter, and more ſuſceptible of ra- 
rifaction, aſcend eaſier by the ſame heat, in di- 
ſtillation, than common water: as acid ſpirits, 
which are heavier than that, require a longer 
time to carry them into the receiver. The 
increaſed ſurface of the rarified particles will, 
alſo, greatly contribute to their aſcent in diſtil- 
lation, becauſe this expoſes them the more, to 
the action of the fire. Thirdly, the impelling 
Force of the fire, is, according to the Dr. the 
Principal cauſe -of the elevation of the parts of 
Jolid bodies in ſublimation. Fourthly, the Dr. 
defines tiermentation to be an inteſtine motion 


particles of the fluid, more ſtrongly than they 
attract one another; in the mean time, the in- 


| cluded air, being rarified, breaks out, and cau- 


ſes an ebullition, and the motion increafing, a 
heat enſues. Fifthly, the Dr.-accounts for di- 
geſtion, in the ſame manner, by the attraction 
of the particles; -only, that in this, there is heat 
made uſe of. Sixthly, he ſays, that precipitation, 
ariſes, it a liquor of a leſs ſpecific gravity being 
pour d into a monſtruum of a greater, leſſens the 
gravity and tenacity of its parts, ſo as to let the 
particles, which are now ſpecifically heavier than 
the fluid, fall down ; or when the particles of 
liquor, ſpecifically heavier than the menſtruum, 
carry down with them, when pour'd into it, al 
the ſolid particles floating therein, which now 
lie at the bottom; being ſpecifically heavier than 
the menſtruum. In the laſt place, the Dr. tells 
us, that cryſtallization is immediately and entirely 


of the parts of bodies, wiſing from ſolids dif: 


form'd by the attraction of the faline parti 


the 
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the ſtone to be incurable, without cutting, ſeem inconclufive. If appeal be 
made to numerous fruitleſs attempts, the preceding or nas; may be oppos'd 
beſides which, Horatius Augenins tells us, „he cur'd a youth at Rome, who 
« was going to be cut for this diſtemper ; and likewiſe, that the Jaſcit, who 
c confe'd him, uaded him to uſe des; having experienc'd their effi- 
tc cacy 2 imſelf and others: and, indeed, I have found them to be highly 
diuretic and aperitive. 

If it be objected, that medicines muſt loſe their virtue A. can 
reach the bladder; I grant this is commonly true: yet ſome medicines do re- 
rain their nature after many alteratiofis and digeſtions; as turpentine, aſparagus, 
and rhubarb, . manifeſtly affect the urine. Again, if it be ſaid, tho a liquor 
were found capable of diſſolving the ſtone, twill be ſo corroſive as to fret the 
inteſtines or bladder; I anſwer, that vinegar will diſſolve crabs- eyes, which 
like the ſtones we are ſpeaking of, are form'd in animal bodies; and even the 
more ſolid body of coral. The bare juice of lemmons and barbaries readily diſ- 
folves both pearl and coral. What Paracel/as and Helmont, indeed, relate of 
their Mlkabeſt, where with they prepared their ſpecific againſt the ſtone, and pre- 
tended to reduce all ſtones, minerals, &c. into inſipid water; I require farther 
evidence for before I believe: yet a chymiſt, who often adviſed with me a- 
bout preparing this liquor, 5 the buſineſs ſo far as to bring me a 
liquor F was ſurpriz d at; for it not only | difſolv'd common ſulphur, and 
brought it over the helm ; but reduc d antimony imo ſweet cryſtals, with a 
few whereof, to the aſtoniſhment of many, Dr. C. without or vomit,- 
cur'd Sir C. C of a very radicated and deſperate diſeaſe. To the ſecond part 
of the objection it may be replied ; did we know and conſider well, how ma- 
ny operations of natural bodies depend upon the ſuitableneſs and difference of 
the figures of their parts, and the pores interſperſed between them; the num- 
ber of impoſſibilities would not appear ſo great as they now do. 

That it is very poſſible for one body to act upon another, without acting, 
in like manner, upon different bodies, ſeemingly more expos d to that action, 
appears from the load-ſtone, which attracts iron, and not wood or: ſtraw. And 
to come nearer our caſe ;. quick-filyer, that will not corrode the skin, nor af- 
fect the tongue with PUNgEnEYs readily diſſolves the compact body of gold, 
which even Aqua fortis, that corrodes all metals beſides, will not touch; and 


uick-filver will not diſſolve iron, whilſt fortis inſtantly frets it a- 
ſunder . So that, tho' T dare not believe all that's affirm'd by the chymiſts, 
9 


„As to the manner wherein metals are dif. | outmoſt particles, and the main maſs of the 


folv'd by a menſtruum, hear the great Sir Iſaac 
Newton, © When Aqua fortis, ſays he, or ſpirit 
« of vitriol, pour d upon filings of iron, diſſolves 
« the filings with a great heat and ebullition ; is 
„not this heat e by a violent motion of 
«. the parts; and does not that motion argue, that 
©& the acid parts of the liquor ruſh towards the 
parts of the metal with violence, and run for- 


% metal, and ſurrounding thoſe particles, looſen 
e them from the main maſs, and ſet them at 
« liberty to float off into the fluid ?” And when 
te the acid particles, which, alone, would diſtil 
« with an eaſy heat, will not ſeparate from t le 
particles of the metal, without a very violent 
« heat, does not this confirm the attraction be- 
« tween them ?- When Aqua fortis diſ- 


*- cibly into it's pores, till they get between it's 


$ ſoles ſilyer, and not gold, and Aqua regia dii- 


: « ſolves” 
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as to their having made, or ſeen, inſipid diſſolvents of gold, filver, and other 
compact bodies; becauſe I have hitherto been unable to E them; yet 
many things that I have not only read, but heard and ſeen, keep me from 
poſitively denying their poſſibility. And who knows but that art or nature 
may afford a liquor whoſe parts ſhall be adapted to the pores of a human cal- 
culus, as thoſe of quick-filyer are to the pores of gold; whilſt its operation 
upon the body is no greater than that of quick-filver upon iron? Steep an egg 
in ſtrong vinegar, for ſome days, and the external ſhell will be eaten away, 
whilſt the thin skin, contiguous to the White of it, remains entire; the opera- 
tions of diſſolvents muſt, therefore, be determin'd by the textures of the bo- 
dies whereto they are applied: fo that a liquor uncapable of corroding a hard 
and folid body, may be unable to penetrate a ſoft and thin one, of a texture 
unfit to admit the particles of the menſtruum. Another thing that encou- 
-rages me in this opinion, is, the relation of Sennertuu, who tells us, that in the 
year 1632, © his friend Dr. Neſter inform d him, there then lived in his 
ic neighbourhood, a man of Lorain, call'd Claudius, about 58 years old, who fre- 
e quently devour d coals, bones, wood, ſtones, glaſs, metals, Cr. and even the 
4 moſt filthy things that could be offer'd him; of which, ſays the Dr. a- 
*© mong-many others, I was an eye-witneſs”. Sennertus adds, © that not hear- 
« ing of this Claudius for ſome time, he ſent to inquire what was become of 
« him, when the Dr.-returri'd a letter from the miniſter of the place, to con- 
« firm-the firſt account; himſelf declaring the man, whom he had long hope: 
ce to diſſect, was yet alive, and continued to devour all things as formerly; 
-< tho? his teeth. being now blunted, he did it. leſs OY More examples 
of this kind we meet with in writers of good credit: Columba, particularly, 
records one of a glaſs-eater, mention d. alfa, by Sennertun. And, not long ſince, 
there was, here in England, a private ſoldier very famous for digeſting ſtones 3 
with whom a curious -perſon -purpoſely convers'd for a day together; duri 
which he obſerv'd him to eat :nothing but pretty large ſtones; and found his 
excrement chiefly conſiſted of a fandy ſubſtance, as if the iſtones he devour'd 
had been diffoly'd in his body. "Theſe caſes, ſurely, prove, that a menſtruum 
not ſo corroſive as to fret the body, may diffolve ſtones, and other compact 
ſubſtances But if a liquor, prepared by nature only, can, in a human ftomach, 
diſſolve that great variety of bodies above - mention d; why may not a men- 
ſtruum, produeed by aſſiſting and heightning nature to the utmoſt, be capable 
of diſſolving ſubſtances of Gifferent textures? It muſt, indeed, be acknow- 
ledged, that ſuch common -menſtrua as diſſolve one body, will oftentimes not 
meddle with another; which may proceed rather from our want of skill to pre- 


pare the moſtpo werful menſtruum, than any impoſſibility in the thing ; ſo that 


* ſolves gold, and not ſilver, may it not be ſaid\}** entrance? For Aqua regia is nothing elſe than 
that Aqua fertis is ſubtile enough topenetrate | Aqua fortis mixed with ſome ſpirit of ſalt, or 
4 gold as well as ſilver, but wants the attractive with ſal: armoniac; and even common ſalt diſ- 
force to give t entrance ; and that Aqua regia |** ſaved in Aqua fortis, enables the menſtruum 
4 is ſubtile enough to penetrate ſilver, as well as | © to diſſolve gold, tho the ſalt be a groſs body. 


gold, but wants the attractive force to give it [Newton. Optic. p. 352+ 368. 


/ 
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1 don't ſee why a menſtruum-may not be obtain'd whoſe variety of fl 
gures, and motions, might gain it admiſſion into different bodies. Thus, tho” 
Aqua regia diſſolves gold, but not filver, and Agua fortis diſſolves ſilver, but 


yet quick-ſilver will diſſolve both gold and ſilver, copper, tin, 


not go 
and lead. * 

And becauſe this ſuppoſition, that penetrating menſtrua are proportionably 
corrolive, is apt to ſtop the inquiries of judicious men, I can aſſure them, that 
from common houſhold-bread, as was formerly hinted, I have, by a gentle hear, 
obtain'd a ſpirit, which, when rectified, would operate on the hardeſt bodies 
' ſo far, as in a ſhort time and without fire, to extract a ſtrong tincture from 

coral, blood-ſtone, unpowder'd granats, and, even, the hardeſt of bodies next 
to diamonds, rubies. And that theſe high tinctures did not proceed from a 
change of colour in the menſtruum, I convinced myſelf by obſerving that it 
would, from ſome minerals, force a deeper colour than from others; and that, 
when kept ſeparate, it continued clear and limpid for many months. 

But it may be farther objected, that * what diſſolves the ſtone in the blad- 
« der of one man, may not do the ſame in that of another ; I reply, this 
has never been proved ; and were it true, as the ſpecifics for agues, fluxes, and the 
like, are juſtly prized, thoꝰ their effects be not equally ſtrong in all patients; twill 
be worth knowing that the ſtone is not, in it's own nature, an incurable diſeaſe : and 
it would well reward any man's induſtry to relieve even a few from it's torture. 

This diſtemper I the rather choſe to inſiſt upon, becauſe tis gene- 
rally thought abſolutely incurable by internal remedies, in any ſubject what- 
erer: but having dwelt too long = it, I defer conſidering the 
ſy, and ſome others that commonly ſtand in the — of incurable di- 
ſeaſes. I ſhall only add, that altho' Helmom and Paracelſus, by the ſhortneſs 
of their own lives, ſeem to give teſtimony againſt themſelves ; yet they cer- 
tainly invented ſome extraordinary medicines ; ſuch, for inſtance, were their 
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laudanums : yet none of them were comparable to the preparations of Butler. ge, Sons 


This man, as Helmont relates, © had a ſmall ſtone, which being lightly plung d 
« into oil, or almond-milk, communicated ſuch a fanative virtue thereto, that 
« ſpoonful of the former cur'd a Franciſcan Friar of a dangerous ery ſipelas in 
« the arm, in the ſpace of an hour ; and one drop of the latter applied, in 
« his preſence, to a woman's head, immediately reliev d her from an intolerable 
% Hemicrania; and tho' ſhe had been for ſixteen years afflicted therewith, it 
« return'd not, to his knowledge, in ſeveral years. He adds almoſt as ſtrange 


a cure perform'd, in one night's time, upon a #.rvant of his wife, by anoint- 


ing the part affected, with four drops of the fame oil. Nay farther, he tells 


* 'Twill, according to the late Mr. Hawuks- tween a ſquare inch of ſheet-vrals, and 225 
bee, by no means account for the ſuſpenſion ſquare inches, that is, an equal weight of tinſel 
of heavy ſolid bodies in lighter fluids, that the Ja nige, weigh'd in water, is vaſtly too ſmall 
ſolid gains a large quantity of ſurface, by being for this purpoſe. . He, therefore, concludes, that 
divided into minute parts therein ; which is the | the ſuſtentation of metals, and othe- ſubſtances, 
common way of accounting for th's phenome- heavier in ſpecie than the fluids, which d ſſolve 
non. For he found, by experiments, that the | them, are kept floating there n by the prin- 
difference between an ounce of ſolid glaſs, and * of attraction, Hauksbee's Experiments ; 


the fame quantity reduced 10 fine poder; be- | p- 231-236. 
Vole I. | H uy 


0 
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us, © that the maſter of the glaſs-houſe at Autuerp, being grown enormouſly 
« faſt, was ſoon. reduced to a. moderate ſize, by nimbly licking, with the tip 
&« of his tongue, a ſmall fragment of the ſtone, once every morning”. To 
theſe he ſubjoins other ſtrange ſtories, which tho' I cannot believe, yet cir- 
cumſtances will not let me reject. A gentleman. in France was reported to 
rage ſome portion of this ſtone, and to have cured many inveterate diſeaſes, 
y ſuffering the patients to lick it; and my friend, Sir K#nelm Dighy, who 
was then in that country,, could nat, upon. inquiry, find this report to be fa- 
bulous. Befides, Hzlmont not only relates theſe cures as an eye-witneſs, but 
fays, that once ſuſpecting the virtue of this oil, he anointed it on the right 


arm and ancles of his wife, who had, for many months, been afflicted with 


motion was immediately reſtored to her arm; all the ſwelling of her 
and feet difappear'd ; and ſhe continued healthful for nineteen years afterwar 
And. this relation, ſhe herſelf, long after the death. of her husband, confirm'd 
to our friend Dr. C. Thefe particulars receive confirmation from two remark- 
able circumſtances :_ for firſt, Helmont is the more to be credited here, becauſe 
he mentions cures not perform'd by himſelf, but by a ſecond perſon, and that 
too, with remedies unknown to him ; ſecondly, our famous count „Dr. 
Higgins, who lived familiarly in the ſame houſe with Butler, gives a ſtrange 
atteſtation to his ſecrets. 

But whatever be thought of Helmont's relations, we have reaſon' enough. to 
conclude, that the power of nature and art may reach much farther than many 
diſtruſtful, not to ſay, indolent men have imagin'd ; and, therefore, the prog- 
noſtics, even of celebrated writers, are not to be relied on, when they aſſert 


{vere pains in the former, and very great tumours in the latter; © her 


that particular diſeaſes, or particular patients, are abſolutely incurable. The ſo- 


nd advice of that judicious author Celſus, deſerves a greater regard: « where 2 
«. medicine fails, ſays he, we are to reſpect the patient more than him that in- 


vented it; and fo proceed to try, firſt, one thing, then another. 


It. advantages 


14 Phi loſot hy 


to the bygiemal 
Part of phyfic, 


— 
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8 8 CT. IX. 
HAT the dectetical part of phyſic is improveable by natural philoſophy, 


appears in that our aliment requires art to direct its preparation, and 
order it to the beſt advantage. The inhabitants of Burbadoes, St. Chriſtophers, 
and other Charribbe iſlands, ſupply us with remarkable inſtances hereof ; where 
the poiſonous root Maudiluaca is converted, as was formerly faid, into both 
bread drink: being carefully freed of its moiſture by. the preſs, dry'd 
in the ſun, and reduced into meal, it makes the former; and, by being 
chew d, and ſpit out into water, it ſoon purges itſelf of. its noxious quality, 
and becomes the latter. 


They 
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T: 
make 
wards ery good drink from it, And 'tis my opinion, that the malſter's 
art is capable of great improvements among ourſelves. | 

'Tis not in the knowledge of fermenting liquors, alone, that we are defective, 
but alſo of the materials wherewith they may be made. In China, they make their 
wine from barly ; in the northern parts thereof, from rice and apples; but in the 
ſouthern parts, of rice only. The wine uſed by the common people will in- 
toxicate, tho faintly : tis made at any ſeaſon of the year, but beſt in the win- 
ter. In Japan, allo they prepare a ſtrong wine from rice. We in England, like- 
wiſe, have great variety of wines from cherries, apples, pears, &c. little inferior - 
to thoſe of toreign growth. But to manifeſt our want of curioſity in this affair, 
tis obſervable that the drinks of one country are often unknown in another. The 
rice-wine of China and Japan is no where to be found in Europe; and beer or 
ale are eſteem d great rarities in places where I have travel d. The common drink 
in many parts of Aauſcovy, and other northern regions, is hydromel, or water 
fermented with honey ; and if a due proportion ol theſe ingredients be obſerved, 
and the fermentation be skilfully order'd, ſuch a clear, ſtrong, wholeſom liquor 
may hence be prepared, as is not eaſily credited. In Brazih, and elſewhere, they 

e a ſtrong wine of water and ſugar: and in Barbadves they have many li- 
quors unknown to us. Among the Tirks, where wine of the grape is forbid 
by their law, the Fews and Chriſtians keep, in their taverns, a liquor made of fer- 
mented raiſins. And I my felt, by fermenting raiſins and water, in due quan- 
tities, without yeaſt, tartar, or any thing of like kind, have frequently, in few 
days, prepared a good vinous liquor, which afforded, by diſtillation, a large 
quantity of inflammable ſpirit. 

I. have ſometimes wonder d, that men have fo little curioſity to try what li- 
quors are obtainable by wounding trees and other vegetables. The Sura in the 
Eaft-Indies is made of the juice flows from the cocoa-tree 3 and failors have 
often been inebriated, in that country, with the liquors made of the fermented 
juices obtain d by the inciſion of vegetables. And that alſo in Europe, the nurriti- 
ous juices of trees, as drawn from the earth, receive great alteration before they 
come to be aſſimilated, appears from the practice of the Calabria and Apaleia, 
who, between Aarch and November, obtain, by inciſion, from the common aſh- 
tree, a ſweet juice ſo like the manna, in that ſeaſon adhering to the leaves of the 
fame kind of trees, that they call it Aamma del corpo, — and uſe it 
ſucceſsfully. That this ſweetneſs proceeds not from the peculiar nature of the 
foil, appears in that tis alfo to be in other places. To proceed: in fome 
northern countries, the liquor that weeps out of the birch-tree is uſed as a pre- 
ſervative againſt the ſtone; for which purpoſe Helmont highly extok aggrink pre- 
pared thereof, with daucus ſeeds and brook-lime. But the extraordinary effects 
I have ſeen of the liquor itſelf in this caſe, and that when other remedies fail'd, | 
occaſions me uſually to provide a quantity of it every ſpring. It may eaſily be pre- 
ſerv'd by pouring oil on the top of it, or by diſtillation; tho* the beſt way is to im- 


pꝓregnate it with the fume of ſulphur. I ſhould not be thus particular upon li- 


quors, but that I ſuſpect, if a greater variety was made, and more skill m_y 
| H 2 their 


hey having in ſome of our American plantations, found it very difficult to , ee, 
you t of maiz or Indian corn, they firſt reduce it to bread, and after= Lats, 
ewav 


the maſs of blood, | | 
| ſophiſticated wines occaſion. For, in fermentation, the active and ſpirituous par- 


The Uſefulneſs of Philoſophy. 


their t, they might, by recruiting the ſpirits, and inſenſibly alteri 
nifty — cure almoſt as many diſeaſes as our —— 


ticles of vegetables being ſer looſe, and much better ſeparated from the groſſer, 
than by common diſtillation; they are incorporated with our aliment, and imme- 
diately convey d, by the blood, to thoſe parts of the body, where their operation 
is required. Talking, one day, with a very learn d and experienc'd — 
about the nephritic virtue of wild carrot-ſeed; he told me, with a ſmile, that 
fermented in ſmall ale, he found its effect too ; for that he ſeldom heard of 
thoſe patients more to whom he had once preſcribed it. 

But to leſſen our wonder at the efficacy of fermented * we may con- 
ſider what virtue is aſcribed to a bare infuſion of tea; which among the Chineſe 
and Faponeſe, is the ordinary drink of perſons of quality; who value it ſo highly, 
that a ſingle pound of the Jaa ſort is often fold for an hundred pounds of ſil- 
ver: and no wonder, if it preſerves them from the ſtone and gout. I have been 
told, that, ſomewhere in the Eg- Indies, they make a drink of the raw fleſh of 
goats, capons, and the like; which, with rice and molofles, they add to a quan- 
tity of water, and diſtil, in an alembic, to a low ſpirit, call d Arrac, which th 
frequently drink in hot weather, and find very cordial. Such a liquor, indeed, 
ſeems neceſſary to thoſe of that climate, in order to recruit their ſpirits, exhauſt- 
ed by the exceſſive heat thereof; as the merchants travelling thro the ſcorchi 
deſarts of Arabia, Perſie, or Tur y, find it beſt to quench their thirſt wit 
brandy, or the ſtrongeſt Perſian or Spaniſh wine. The neceſſity of ſuch a prac- 
rice ĩs alſo confirm d by the concurrent teſtimony of ſuch of our own nation, as 
have travelPd in hot countries. | | 
Not only our liquors are improveable by natural philoſophy, but likewiſe the 


other parts of our aliment: it teaches us to make better than is c 


uſed, and diſcovers a better art of cookery than Apitivs left us; that of pleaſing 
the palat without prejudice to health. Men, unaſſiſted by philoſophy, have 


gone far in preſerving food by excluding the air ; which daily tence inform'd 


em contributed to its putrefaction. The learned Mr. Borreet lately aſſured me, he 
had eat bisket in Hollard, which, being carried from Amfterdem' to the Eat. In- 
dies, was thence return d good, by keeping it all the time in casks well-calk'd 
and lined with tin. A friend of mine has alſo a way of preſerving fruit, for 
many months, by a bare artificial excluſion of the air. But it ſeems more diffi- 
cult and uſeful to preſerve fleſh ſweet in long voyages, without ſalt, which is a 
to occaſion the ſcurvy and other diſeaſes. The means whereby the failors 45 
this, is, firſt to dreſs the meat, then cut it into flices; and laying them regularly 
one upon another in a cloſe cask, they pour clarified butter thereon to fill up 
all the iqgerſtices; obſerving to keep the cask cloſe cover d. And I am not with- 
out that a method will be found to continue even raw fleſh ſweet, 

lefs corrofive than common ſalt. For not to inſiſt upon the curin 


ol neats tongues with ſalt- peter; I have, for experiment ſake, kept a whole large 


puppy, for many weeks, untainted, in the midſt of ſummer, by bare immer- 


| ſion, in a welk-ſtopt veſſel of ſpirit of wine; and might, but for want of oppor- 


tunity, 
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tunity, have preſerv'd it much longer And I queſtion not but water will abo- 
liſh the taſt that the ſpirit communicates to what it thus preſerves. 

Sugar is a thing but lately known in rheſe weſtern regions: if we, therefore, 
conſider how many bodies the confectioners and others, not only preſerve by its 
means, bur render grateful to the taſt, it will ſeem probable that expedients, yet 
unthought of, may hereafter be found for the ſame purpoſe. Many concretes be- 
ſides the ſugar-cane may, perhaps, be brought to yield a ſugar according to their re- 
ſpective natures: the Indian liquor, Sura, made from the juice of the cocoa-tree, 
by bein 3 and expos'd to the ſun, congeals into a ſugar, which tho, by 
reaſon o its brown colour, it be not much eſteem'd, yet a skilful naturaliſt might 
poſſibly improve it. Garcillaſſus alſo, treating of the fruit of a Peruvian tree 
Melle or Mull, tells us, that by rubbing it gently between their hands in 
% warm water, they deprive it of all its ſweetneſs; after which they ſtrain the 
« liquor, and leaving it a few days, to ſubſide, it becomes a very tranſparent 
« drink: He adds, „ the fame, by boiling, becomes an excellent kind of 
« honey.” And that there is a great _— berween ſuch vegetable honeys 
and ſugar, appears from this paſſage of the diligent deſcriber of the Brazilian 
plants, concerning the Caraguata, or Erva Baboſa. From an inciſion made in 
« its ſhoots there flows an ifimenſe quantity of liquor, whereof they make wine, 
« vinegar, honey and ſugar ; for the juice, being naturally ſweet, is render d much 
* more ſo by boiling, as well as thicker; ſo that, at laſt, it co ſro ſugar.” 
Moreover, the governor of a colony in North- America aſſures me, there is in Neu- 
England, a kind of tree, exactly like our walnut-tree, the juice whereof, that diſtils 
from inciſions, being gently exhaled, the remainder will congeal into a faccharine 
ſubſtance. The like was confirm'd to me by the agent of the colony of the A. 
ſathuſets. And, laſtly, an eminent planter in America told me, that © the ſtalks. 
« of maiz afford a ſweet juice, which, boiled to a * gave a flavour to tarts 
« and other things, not diſtinguiſhable from ſugar. He added, that © both 
« himſelf and others had in New-England made ſuch a ſyrup with the juice of 


« water-melons. ** 
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Beſides the means already mention'd, we may hope to find out others to pre- 7 4/rer the 


ſerve the health of men. The ingenious attempts of Sanforins may furniſh us Tf of 


with new ways of diſcovering the wholeſomneſs or unwholeſomneſs of aliments. t. 


By the different weight of human bodies, upon uſing particular food, he ob- 
ſerved, that pork, melons, Sec. obſtructed inſenſible perſpiration, and Were, by 
conſequence, unw holeſom. Tho', methinks, ſuch obſervations ſhou'd be carefully 
made and repeated various ways in different ages, ſexes and conſtitutions, before 
they are eſtabliſh'd into aphoriſms. And this procedure might enable us to pre- 
vent many diſtempers. Thus that aphoriſm of Sactorius, © to eat and 
« drink more than uſual, once or twice a month, increaſes not the ſenſible eva- 
te cuations, but renders a man lighter in the ſcale”; affords this important corol- 
lary, © A regular diet has not the advantage over a debauch committed once or 
« rwicea month; becauſe the quantity taken in, excites perſpiration to ſo ſurprizing 
ea degree. And truly, experience teaches, that the promoting and ſuppreſſing of 
inſenſible perſpiration,whereby the body may, in a day, diſcharge four or five pounds 
of excrementitious matter, has a. greater ſhare in continuing health and 2 

iſcaſes 
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diſeaſes than is uſually imagin'd: ſo that ſtatics, an art long thought uſeleſs to phy- 
ſic, may give us many uſeful direRions relating to the preſervation of health, 
lte bebe The naturaliſt can alſo deviſe means whereby to judge of the ſeveral kinds of ali- 
judge.of the air, ment; and likewiſe of the temperature of the air of any place. Phyſicians gene- 


water, as to 


*beir whileſ-w1;ſ; rally ſuppoſe the light and pure water to be moſt wholeſom ; ſo that an eaſy con- 
„i.. trivance to know when water has theſe properties wou'd be of ſervice. We 
have been told, that water brought out of Africa into England was found, by 
common ſcales, to be ſpecifically lighter than ours, by four onces in the pint. 
And as this kind of difference is eaſily found hydroſtarically, chymical experi- 
ments might be made to diſcover the 1 qualities of different waters. Thus, 
many kinds of pump- water will not ſoap, and ſome will not dye ſcarlet or 
other particular colours. And I have often found an unſuſpected ſea-ſalt in water, 
by pouring thereinto a ſolution of fine ſilver, made in Agua fortis: for as common 
ſalt, or its ſpirit, will precipitate the metal in form of a white calx, in ſuch a ſo- 
lution; I imagined, if the water had, in its paſſage through the earth, gained ever 
ſo few ſaline corpuſcles, they wou'd act, tho' faintly, upon the diſſolved parti- 
cles of ſilver; and accordingly upon their mixture, a kind of whiteneſs imme- 
diately enfued. This experiment has taught me to avoid ſuch water, and to uſe 
* ſtead, rain- water, or that which had been freed from its falt by gentle diſ- 
tion. Reo 
Laſtly, natural philoſophy enables us to judge of rhe air, which is of the 
teſt conſequence to the continuance of health; and to make farther diſcoveries 
therein, as to its wholeſomneſs or unwholeſomneſs in any place. And this Saucto- 
rius teaches us how to eſtimate, from the weight of the bodies of the inhabitants. 
The late invention, alſo, of weather-glafſes, manifeſts ſome of its properties. I ſhall 
only add here, that the various operations of different kinds of air upon certain 
forts of fleſh thereto expoſed; upon ſome fading colours; upon bodies apt to tar- 
niſh or gather ruſt, cc. are more conſiderable than men ſeem hitherto aware of. 


neſs. 


—_ 


— * — 
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The nſefabreſs of E come now, in the laſt place, to conſider the therapeutic part of phyſic; 
natural philo 0 ” 
BEG whoſe improvement is, of all others, the moſt beneficial * 1 
7 cannot, therefore, but wiſh that many phyficians took more pains, than they do, 
to advance it. The deſign ef Phyle is to relieve and cure the patient; and 
every part of the art is perverted, that does not conſpire to promote this end. 
DG 1 A witty phyſician being lately asked, by one of the faculty, why, ſince his 
* fo improve patient grew worſe under languid remedies, he did not preſcribe him ſomething 
heir are. < more generous; adding, that otherwiſe he muſt neceſſarily die; the other briskly 
6c . ler him die if he will, ſo he die but ſecundum artem. I hope there are 
few of this man's temper! *Tis pity there ſhou'd be ſo many leamed men who 
think 2 phyſician has done his duty, when, after a diſcourſe of the ſear and na- 
ture of a diſeaſe, he ſoretells the event, and methodically applies a parcel of ſuch 
languid medicines, that he knows are 28 unable to cure wil the patient. Snch 


a dull 
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2 dull procedure as this, whereto ſome lazy or conceited practitioners confine 
themſelves, under pretence of its being ſafe, has expoſed the whole profeſſion to 
the cavils of empirics. The Lord Verulam tells us of one who uſed to ſay, 
« your European phyſicians are learned men, tis true, but they know nothing of 
« particular cures for diſtempers ; ſo that he compared 'em to biſhops, who have 
« indeed, ſays he, the power of binding and looſing, but no more.” And 
Monſieur Balſac tells us of a phyfician at Milan, who boaſted he had kill'd a man 
by the faireſt method in the world. Such kind of ſtories are readily embraced, 
and turn'd to the diſadvantage of the profeſſion, by the greateſt part of mankind; 
who ſend for phyficians, not ſo much to have their diſtempers methodically told 
them, as to be empirically cured of them. And truly, he who ples lo 
with difficult cafes, has a much greater ſhare of my eſteem than he who w 
raiſe a reputation on the ſucceſs. of his prognoſtics: it leſſens my value even for 
the great Hippocrates, that his talent lay chiefly this way. Who had not much 
rather have his friend's life preſerv'd by — 5 remedies, than be told, for cer- 
tain, the time he ſhall loſe it; or be ſhewn in the open'd corpſe, the cauſe of his 
death? But I am to ſhew that this curative part of phyſic is improveable by na- 
tural philoſophy, and particularly | 


fs 


by chymiſtry. 
As goodneſs is to be — re pleaſantneſs in a remedy, I ſhall not Te fe of 


c 


hymiſtry to the 


recommend the chymical preparations from their ſuitableneſs. to take; yet phyſi- eg parc of 
cians, methinks, ſhou'd be careful not to occaſion their patients more uneaſineſs 0. 


by nauſeous medicines than is felt from the diſtemper; but cure them accordi 

to the old rule, cito, tuto & jucunde. The loathſomneſs of ſome phyſic will, 
moreover, cauſe it to be rejected before it can perform its intended operation; for 
which reaſon, I preſume, ſome phy ſicians now uſe roſin of jalap rather than com- 
mon purges. But chymiſtry may be farther uſeful to the — of phyſic, by 
rendering evacuating medicines not only leſs nauſeous to- the taſt, but lefs pain- 
ful in the operation. Thus, mineral waters will work briskly, without occaſion- 
ing ſuch ſickneſs and diforder as are frequent upon taking the common pills or 
potions: and a preparation I make with filver, will, taken in a very ſmall quan- 
tity, pleaſantly evacuate ferous humours; nor need the perſon be confin'd to his 
room who takes it. And medicines, will, I hope, be found to relieve patients 
without thoſe chirurgical operations of burning, cutting and trepanning. Helmons 
ſays, © he knew a country fellow who cured all freſh wounds by a drink ed: 
« of burnt Tilia:” And I have more than once obſerv'd, that a ** 9 caſe was 
cured by Paronychia, If we may credit Helmont and Paracelſus, their Precipitatus- 
diaphoreticus, taken inwardly, cures cancers and the moſt inveterate ulcers: 

if there be any truth in the relations of eye-witneſles, phyficians and others, as 
to the effects of the weapon-falve and ſympathetic powder, nature performs many 
fuch cures with leſs pain than the chirurgeon. I knew, as I have before ſaid, a very 
ingenious man, poſſeſs d, of a powder wherewith he conſtantly undertook to cure 
the cancer d breaſts of women, without any conſiderable pain; which I the rather 
Believe it may do, becauſe it ſeems to me a dulcification of arſenic, fixt with 
nitre, and carefully freed from its corroſiveneſs, by repeated diſtillations with freſn. 
1 of wine. Barthalin, mem ions the cures. of ſome hurts in the head* per- 


d without trepann ing, where that operation was judg'd: neceſſary. And that 


— — 
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formidable way of ſtopping a hemorrhage from large veſſels by the actual cau- 
tery, would be ineedleſs, did we know ſuch remedies, as Perrus de Oſma men- 
tions, in his letter to Monardes, dated from Peru. In the city of St. James, 
« ſays he, lying in the province of Chyle, Auno Dom. 1558, there were ſome 
« Indian captives who cut off their awn calves of their legs, which, for waut 
< of other proviſion, they broild and eat; but the greater wonder is, that by 
« applying the leaves of a certain plant to the wounds, the flux of blood was 
c immediately ſtopp'd”. I knew a rich man who had an uncommon fiſtula 
in his breaſt ; and having, in vain, conſulted the ableſt chirurgeons of ſeveral 
countries, twas, at length, reſolv d to trace it with the knife: whilſt they 
were preparing for the operation, a chirurgeon accidentally came in, and told 


the patient he could eafily cure him without cutting; which he ſoon did, by 


the uſe of an almoſt indolent remedy ; as the patient himſelf aſſur d me; who, 
moreover, ſhew'd me his breaſt, and procured me ſome of the medicine. I 


all here add, that a certain perſon having lately receiv'd a kick from a horſe ; 


the phyſician and chirurgeon employ'd, concluded the part gangren'd, and the 
patient in ſo deſperate ny, = Ao deſired to be — . 5 him: 
upon this, a large doſe of Sir Walter Rawleigh's cordial was ſent him; he took 
It; his fever and delirium left him; and, to the ſurprize of every body, his 
limb was perfectly reſtored. As a confirmation of theſe relations, I ſhall pro- 
duce what Piſs ſaw perform'd by the illiterate Indians. Such gun-ſhot wounds, ſays 
6 he, as, I remember, the European chirurgeons, both Portugueze and Durch, though 
ce incurable without amputation, were excellently cured by the natives, with 
cc freſh collected gums and balſams; and I can farther teſtify, that by nothing 


© but tobacco- juice they cured ulcers and mortifications, which were given o- 


ce yer in the hoſpitals”. ' * i 

Nor is rendering a cure agreeable, the greateſt advantage the art of healin 
may receive from chymiſtry; it may, likewiſe, aſſiſt ro diſcover the * 
both of ſimple and compound medicines. By it s means we learn the predo- 
minant minerals in medicinal waters; tho this is a ſubje& that remains to be 


| Improv'd upon. And many trials have convinced me, tis rather our own, than 


the fault of nature, or of chymiſtry, that we remain ſo ignorant of medicaments : 
for tho* the abſtruſe properties of ſpecifics are not, I tear, eaſily learnt, with- 
out particular experiments and obſervations ; yet many ſimples have unregarded 
qualities, ſuch as ſowerntſs, ſaltneſs, corroſiveneſs, &c. reſiding in matter near of 
kin to falt, or ſulphur ; whereby they frequently operate. And theſe qualities 
ſeem to be diſcoverable by chymiſtry, without making trial on the human bo- 
dy. There are ſome plants whoſe juices will coagulate into a ſalt, which may 
be call'd eſſential ; and ſuch vegetables as theſe may be diſtinguiſh'd from others. 
And poſlibly, alſo, ſalts may differ in figure, taſt, &c. fo — as to be diſtin- 


guiſhable into different kinds. If, likewiſe, we compare the ſalts of theſe ve- 
getables with thoſe of others, ſuppoſed to abound in volatile and faline parts ; 
and, farther, examine other plants by chymical operations, whilſt we remark their 
diſpoſition to yield ſpirits or oils by fermentation, with other particulars, where- 


in they agree, or diſagree, with each other, tis very probable we ſhould make 
many 
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many diſcoveries of their reſpective natures and properties. The infuſion, or 
decoction, of ſome plants will become red by the addition of alkaline falts, 
whilſt acids will much impair, or deſtroy, that colour. A little Aqua fortis 
immediately turns the red tincture of brazil, made with water, into a pale yel- 
low; a ſmall quantity of the lixivium of pot-aſhes, dropp'd into an infuſion 
of red roſe-leaves, changes it into a my colour; and a little ſpirit of ſalt, 


into a fine red. A very ſtrong ſolution of pot-aſhes will precipitate a part of 
the decoction of red roſes ; and upon filtring the mixture, the groſſer parts 
will remain behind, like mud, of a dirty colour; but the liquor tranſmitted, ap- 
pears high colour d like muſcadine. As galls, a ſtiptic vegetable, afford a de- 
coction, which, with copperas, makes the common ink; fo other aſtringent 
plants may ſerve for the ſame purpoſe : for vitriol put to a decoction of oak- 
bark, or red roſes, log-wood, or 4 will make a writing ink; but that all 
aſtringent vegetables will do the ſame, I cannot affirm. Obſerving that a ſolu- 
tion of vitriol, and the decoctions juſt mention'd, precipitated each other, I 
diſſolv'd cryſtals of ſilver in water, which make a colourleſs liquor; and found 
they precipitated differently colour'd ſubſtances in the infuſions of ſeveral vegeta- 
bles, according to the ſeveral diſpoſitions thereof. Thus, alſo, Saccharum Saturni, 
whilſt diſſolv'd in the ſpirit of vinegar, that extracts it, being put to an infuſion of 
log-wood, Lignum Nephriticum, or red roſes, they will precipitate each other. 
Add to theſe, that ſulphureous oils, as Oleum Tartari — dropp'd into 
the expreſs'd juice of ſeveral vegetables, turns it, in a moment, to a lovely 
green, Whatever be the colour of the vegetable. And tho? it be controverted whe- 
ther quick-lime hath any ſalt that will diſſolve in water, or of what nature it 
is; ſome experiments therewith have ſhewn me, that the water thereof, well 
made, will precipitate a ſolution of ſublimate, and turn ſyrup of violets green. 

I next obſerve, that alſo the medicinal qualities of animal ſubſtances are diſ- 
coverable by chymiſtry ; as we formerly ſhew'd by diſtilling the calculus hu- 
manus, how it differ d from the ſtones of the lhe 4 By diſtilling one parcel 
of crabs eyes, infuſing another in vinegar, and a third in white wine, perhaps 
ſomething peculiar to the nature of this concrete may be found. Nay, 1n 
ſome animal ſubſtances, the proper experiments will ſhew remarkable changes 
and properties, which are ſcarce perceptible to the eye. Thus I have remark'd 
in urine, kept cloſe for many weeks, in a moderate heat, the virtues, depend- 
ing upon its volatile falt, will be ſo heighten'd, that whereas ſpirit of falt being 
added to freſh urine, they quietly mix; dropping the fame ſpirit into di- 
geſted urine, an hiſſing and ebullition will preſently enſue, and the volatile and 
acid ſalts ſoon after coagulate together into a third ſubſtance, a-kin to fal-ar- 
moniac. And fo, tho' ſyrup of violers, diſſolv'd in a little freth urine, ſeems 
only thereby diluted ; a few drops of fermented urine, preſently change it to 
a deep green. Laſtly, the fame digeſted urine dropp'd into a ſolution of ſub- 
— immediately turns it white, by precipitating the mercury difloly'd 
therein. 


* Her: is an unexc-piionable method chalk's out for eſta liſ ing a materia medica upon 2 juſt 


foundat. on. 
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To 4iover whe- = The following experiment may afford a certain way to diſcover whether be- 
abe or adaire- 2OAr: be genuine or adulterate. We took 40 or 50 grains of choice oriental 
_ bezoar, reduced to powder, and, in a bolt head, poured on it fix drams of 
ood ſpirit of nitre, to try whether this liquor would prove a fit menſtruum 
* it, as we found it did for the Calculus humauus. And tho' this effuſion 
being purpoſely made in the cold, the liquor did not, at firſt, ſeem to work 
on the ſtone; yet, ſoon after, it fell violently upon it, and diſſolv'd the greater 
part of it, not without noiſe, and a great efferveſcence. The ſolution was al- 
moſt red, and the glaſs being ſer in a digeſtive furnace, the whole powder 
not only diſfoly'd, but being left, for a night or two, in a north window, it 
afforded ſeveral faline concretions, much larger than could well have been ex- 
pected from ſo ſmall a quantity of matter; and theſe cryſtals, whilſt they 

were yet in the glaſs, very nearly reſembled cryſtals of ſalt-petre. 
The chymical na Two ounces 4 oriental ſeed-pearl, being put, whole, into a retort, and di- 
ofic ef eee. ſtilld in a ſand- furnace by degrees of fire, giving a ſtrong one at the laſt; we 
obtain d a little black oil, ſwimming upon the ſpirit, which was alſo dark and 
muddy, as if incorporated with ſome more oil. The weight of both theſe 
liquors was 23 grains, beſides which, there ſtuck, to almoſt all the upper part 
of the retort, a thin film of oil, which, together with a ſtreak of the like, 
reaching to the bottom of the receiver, we eſtimated at 3 grains more, and ſo 
reckon'd 26 grains for the weight of the whole aſcended matter. The Caput 
mortuum amounted to full the remaining weight of the two ounces. The empy- 
reumatical liquors, that came over, ſmell'd much like thoſe of harts-horn ; and 
the ſpirit was found to belong to the tribe of the urinous ones, or of vola- 
tile alkalies; for it readily hiſs d, and produced bubbles, with good ſpirit of 
falt, turn d ſyrup of violets green, and being dropp'd into a ſolution of ſub- 
limate, chang'd it white; he oil that ſtuck to the retort, and which was 
fetid, like that of harts-horn, eaſily diſſolv'd in rectified ſpirit of wine, and 
afforded a reddiſh brown ſolution. The Caput mortuum appear d very black, 
and ſome grains of it were found readily diſſoluble in ſpirit of vinegar : be- 
ing calcin'd in a well cover'd crucible, with a ſtrong fire, it became purely 
white, and weigh'd leſs, by ſome grains, than an ounce: and we alſo found, 
that being pulveriz'd, it taſted hot and bitteriſh upon the tongue, like good 
quick-lime, and that it was not only of an alkaliſate, but a lixival nature: for it 
preſently turn'd ſyrup of violets green, and quickly afforded an orange colour'd. 

precipitate, with a ſolution of ſublimate. | 

Mineral earths 10. Bur farther, the naturaliſt may, by this kind of procedure, increaſe the ma- 
e vn” teria medica; for chymical preparations will diſcover, that various bodies, not 
hitherto introduced into medicine, may be ſafely uſed; and that others, whoſe 
exhibition is attended with danger, may be more freely employ d. Some chy- 
miſts have lately made very good medicines out of zink, or ſpelter. It has 
often excited my wonder, to find phyſicians and chymiſts ſo negligent in diſ- 
covering the qualities of mineral earths, and the like bodies that abound in moſt 
countries: for tho' they be look d upon as ſtain'd elementary earth; I have, ſome- 
times, ſeen a great variety of them dug up. in a ſmall ſpot of ground, fo very 
different from each other in colour, taſt, conſiſtence, and other qualities, as 


to 
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to make it very probable their natures were different, The true bole- armeniac, 
and Lemnian earth, have been highly efteem'd, both by ancient nd modern 
phy ſicians, as antidotes for malignant difcaſes, and the plague itſelf; but as there 
are ſtreng ſuſpicions that theſe earths come to us adulterated, tis ſtrange phylici- 
ans ſhould not try whether their own country cannot furniſh them with as good. 
The attempts lately made, might, one would think, encourage them herein. 
For, without crediting Johannes Mont anus, the ſuppoſed inventor of the Terra 
Hgillata Strigonienſis, who affirms it to be tranſmuted gold ; I find learned phy- 
licians prefer it to the Lemnium earth that's brought from Turtey; particularly, 
Sennertus highly recommends it againſt the plague, peſtilential ſevers, the bites 
of venomous creatures, the diarrhea and dy ſentery; he adds, that the chymiſts 
call it Axungia ſolis; which brings to my mind, that a gentleman once brought 
me a particular earth, found either in this, or ſome adjacent country, which, 
tho" it ſeem'd but a mineral one, afforded a conſiderable quantity of gold. 
They have, alſo, found in Hungary, an earth calld Bolus Tockavienſis, Gd by 
Crato, to melt in the mouth like butter; and, in other reſpects, to be like bole- 
armeniac ; to which he preferr'd it againſt catarrhs, and found its ſucceſs very 
great in the plague, that reign'd, in his time, at Vienna. And a very learned 
and ſucceſsful * of England, did lately, in peſtilential fevers, preſcribe, 
with a good effect, a red earth he found near the town where the plague then 
raged. That experienced chymiſt alſo, Johannes Agricola, greatly commends 
the Terra Silgſiaca in ſeveral diſeaſes, and equals it to the beſt of Twrkey; telling us, 
moreover, what ſeems ſtrange, that the ſpirit of it diſſolves gold, as well as 
Aqua 72 tho' more — into a red ſolution, which, in few days, preci- 
pitates the gold in fine powder. The ſame author relates, that he has ſeen 
another earth, found near Wſterwaldt, in colour between white and yellow, pre- 
ferable to the Sileſian, as yielding more falt than that; and diſſolving filver fo 
much better than other menſtrua, as to render it potable, and parable into an 
uſeful medicine in cephalic caſes. Nor am I ſurprized at the elfiency of theſe 
earths, conſidering how they may be imbued with mineral fumes, or tinged 
with mineral juices, which, having never felt the fire, retain all their looſe and 
volatile parts, with a greater diſpolition to communicate their virtues, than when 
reduced to a more fixed ſtate, or after the violence of the fire has thrown off 
their finer particles. | 

Such mineral bodies as are, of themſelves, noxious, or unfit for medicinal 


39 


Chymif ry may con- 


dert Acxlons m 


uſes, may, by chymiſtry, be reduced to wholeſom medicaments, and fo again 7 mites es 
enlarge the materia medica. Thus Iknew arſeniè brought, by 8 and Ipi- 45 flat be whole- 


rit of wine, into a balſam, which, ſurprizingly cured a phyſician of my acquain- 
tance, of dangerous venereal ulcers. And tho' biſmuth has not, till of late, 
been uſed but as a coſmetic ; yet Cloſſews, by calcination, and the addition of 
ſpirit of vinegar and Cremor tartari makes two medicines thereof, which he 
highly extols in the dropſy. A chymiſt alſo, of my acquainrance, prepares it, 
with common ſublimate, into a white powder; a few grains whereof purge 
gently. Digeſtion, with powerful menſtrua, &c. may reduce the rankeſt poi- 
ons to excellent remedies. And medicines, thus prepared, are highly extoll d 
by Helmont. But tho' he ſpeaks in 1 hyperbolical manner concerning them, 

2 yet, 


ſom. 
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yet, when I conſider what great things are frequently z by antimo- 
t 


ny, mercury, opium, even in the common preparations of them, it ſeems pro- 
bable, that a more skilful management might thence obtain very extraordinary 
remedies. Tis ſaid, indeed, that when a poiſon is corrected, it thereby loſes 
its activity; but the ſimples abovemention d, ſufficiently ſnew this not to be 


true, which are, by that means, prepared into ſafe and effectual medicines. 


Thus the bezoar mineral, wherein, when duly managed, the purgative and eme- 
tic quality of the antimony is changed into a reſolving diaphoretic and deob- 
ſtruent one, becomes a good medicine; and is well recommended by Riverins. 
Crude Aſarum, in like manner, known to be emetic, is very eaſily render'd 
diuretic, as ſome phyſicians aver, and ſerviceable in flow fevers. And that all 
other animal and vegetable poiſons may be corrected, without lofing their effi- 
cacy, is afirm'd by Helmont . Crabs-eyes, reſolved into their original milky 
ſtate, he ſays, will do it in many vegetables; which was confirm'd from the 
experience of a phyſician of my acquaintance. Another, tho” no friend to 
Helmont, aſſured me, he had ſeen vegetable poiſons, and, particularly, Napellus, 
ſo corrected by the volatile ſalt of tartar, as to become innocent I ſhall fay 
nothing here of Helmont's Sal circulatum; but as to the volatilization of falt of 
tartar, my own experience perſuades me tis poſſible. Tis true, it muſt be a 
werful corrector that can thus alter many different poiſons ; yet I cannot ſee 
t ſeveral particular bodies may, by a difference in the management, be pre- 
for medicinal uſe, without laborious or correctives. Even lucky 
its will, ſometimes, afford us theſe diſcoveries; as Helmont found that Aſarum 
loſes it's emetic 1 and becomes a diuretic, by boiling in common wa- 
ter; tho boiling it with the ſame degree of heat in wine, will not aboliſh it's 
native quality, I have known white hellebor, opium, Gr. when duly pre- 
pared, given, with happy ſucceſs, in ſuch quantities as would, otherwiſe, have 
ved pernicious. The violent emetic and cathartic properties of antimony, 
are daily deſtroy'd by calcination with falt-petre ; corroſive fublimate, by re- 
peated ſublimation with freſh mercury, becomes a medicine that children may 
take with ſafety; and, even, that violent emetic, flowers of antimony, whoſe 
force the higheſt cordials are unable to abate, may, by bare heat and skill, be 
—— „ ſo that treble the common doſe ſhall only prove a gentle dia- 
oretic. 
F Natural philoſophy brings another advantage to phyſic, by leſfening the ex- 
pence of a cure. The end of medicine, tis true, regards mens health, and not 
their purſes; yet, a phyfician, in equity, ſhould conſider the poor. To ſay 


To ſhew an eaſy way of converting poi- 
ſons into fafe medicines, and. afterwards, how 
to apply theſe medicines as alteratives, occaſio- 


ble. One way of conevrting poiſons into ſafe 
remedies, is, to give them in very ſmall doſes, 
whereby their ſpecific virtue, as Dr. Mead ob- 


nally, would be greatly to ſerve mankind, anc ſerves, may be ciſcover d. Eſſays of poiſons, 
advarce the art of medicine. Whoever has the p. 132. | 
ſecret of applying the ſtrongeſt medicines in du | M. Homberg knew a phyſician at Rome, 
quantities, without promoting any ſenſible eva- wo, even from real gall, prepared an excellent 
cuation, and continues their uſe for the propei Febriſuge, which was ſo gentle as not to prove 
time, will, in chronical caſes, cure ſuch pa-| emetic. Hiſt. de l Acad. A. 1703. p. 64. 
tients, as others would te apt to judge incura | 

nothing 


— 
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nothing of the extravagant fees given to the phyſicians of ſome places; the 
Apothecaries bills, in particular caſes, are ſo enormous, that after a recovery, the 
poor patients are often diſtreſs d to Pay them. Hence it happens, that the 
neceſſitous either languiſh without relief, or too late imp!ore the help of a phy- 
ſician; whereas it were eaſy to preſcribe cheap medicines, that ſhould, at the 
ſame time, be efficacious. One way of doing this, is to avoid crowding a pre- 


ſcription: with ingredients; tho' I am not for exploding all compound medi- cn pu 
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cines: for complicated caſes will, ſometimes, require ſeveral qualities in one re. # cnſider d. 


medy, which are not, perhaps, obtainable from any ſimple. And altho' the 
chick ingredient in a compoſition often demands correctives, a vehicle, &c. 
et I am of opinion, *twould be no detriment, were phyſicians more ſpari 
in beſtowing them. The addition of needleſs ingredients increaſes the bulk of 
a medicine, renders it more difficult to take, nauſeates the ſtomach, and pre- 
vents the efficacy of the more ſerviceable parts therein. Tis, moreover, a 
great impediment to the diſcovery of the virtues of ſimples, thus to huddle 
and confound them together ; for when a number of ingredients are mix'd, 
tis impoſſible to know the operation of each. Again, tho* from exhibiting 
one of theſe complex medicines, a phyſician only expects an effect ſuitable to 
the ſingle quality predominant in the whole ; ſeveral of the ingredients ma 
have ſuch 2 effects, as he never dream'd of; and excite the latent ſe 
of other diſtempers. Thus, I remember, an oculiſt told me, he had frequent] 
found that parſley, accidentally uſed, either internally or externally, would cauſe 
reat pain, or inflammation, in fore eyes; and my own were thus affected once 
y eating ſauce, wherein this herb was an ingredient. Tis faid, in favour of 
theſe compoſitions, that tho* ſome noxious ingredients enter them, they are ſo 
qualified by the reſt, as to become innocent: yet in venice-treacle, the ſmall 
quantity of opium, tho* mix'd with above ſixty other drugs, retains its virtue. 
And, perhaps, the reaſon why thoſe, who are continually taking phy ſic, are 
uſually troubled with one diſtemper or other, is becauſe, by the variety of 
the medicines they uſe, ſuch humours are diſturbed, as might, otherwiſe, 3 


lain dormant. But another argument for the uſe of compound medicines i 
that how numerous ſoever the ingredients may be, they ſo temper and alla 
each other, that the reſult of the whole, is one chief medicinal quality. Andy 
in ſome caſes, this ſeems probable enough; for a decoction of galls, and a ſo- 
lution of copperas, neither of which a-part are black, make ink by their mix- 
ture; as brimſtone, ſalt-petre, and charcoal, join d in due proportions, compoſe 
n- powder. Yet, tho' a new property ariſes, when a multitude of ingredients 
are added together, *twill, I fear, be very difficult to determine beforehand what 


it will prove, whether noxious or harmleſs ; or whether the principal parts ſhall. 
be improv d, or impair'd. Thus, tho crude mercury, crude nitre, and: crude 
lalt, ſingly adminiſtred, even in large quantities, are innocent; yet a compoſition: 


of the three makes a ſublimate, a few grains whereof will poiſon a man. Tho' I can- 
not, therefore, commend the uſe of thoſe famed compoſitions, mithridate, . venice- 


treacle, and the like, when two or three ſimples might do as well; yet, becauſe long: 


jence has ſhewn them to be good medicines in many caſes, they ought not 


to be neglected. But tis one thing to uſe ſuch a compoſition, after tryal oo 
proved. 


medi- 
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proved it a lucky one, and another to rely on a huddle of ingredients, before 
experience has maniſeſted the nature thereof. In a word, thu” I had no great opi- 
nion of the contrivers of the medicines, into which ingredients are thrown by ſcores, 
I would not reject an effectual one, tho it proved ſo by accident, rather than 
1 1 A wiſe man may uſe a remedy, that none but a fool would have de- 
viſcd. "I | 
Another way to leſſen the charges of a cure, is tochrow out of compoſitions ſuch 
ingredients as are unfit for the management directed. Tis not without ſurprize and 
indignation, that I ſee in the preſcriptions of phyſicians, and, even, in their pub- 
lic diſpenſatories, ſuch a want of skill in this particular. Tis uſual with them 
to order many things to be diſtill'd i Balneo, Which, with that hear, will 
yield nothing, or only a little nauſeous phlegm; while the virtues of the in- 
gredients, remaining behind, are often thrown away after the diſtillation is o- 
ver. Tis, in moll caſes, very unſaſe to conclude the viitues of diſtill d li- 
quors the ſame, as of the ingredients they are made from. 
Again, ſuch ingredients, as uſed ſeparately, would be effectual, are often 
pou by an unskilful mixture. I have ſeen many proceſſes, wherein faline 
ubſtances of contrary natures. are order'd ; tho” there are ſcarce any bodies in 
the world more oppoſite to each other than acid ſalts, whether volatile, or 
fixed. Hence it frequently happens, that two good ingredients are deſtroy'd. 
And this is the caſe, when acid juices are order'd to be diſtill d with alkaline 
fales; thus ſpirit of urine, and ſpirit of ſalt, diſtill d together iz Balreo, yield 
nothing but phlegm ; leaving their active parts behind, coagulated into a fixed 
ſubſtance, a-kin to ſal-armoniac. In like manner, where active ſalts are made 
ingredients, unleſs judgment be employ'd in the compoſition, they frequently 
deſtroy each other's virtue, and degenerate into a new thing ; and thence, per- 
haps, out of many uſeful ingredients, one bad medicine _ 

Many materials Thenaturaliſt may farther contract the coſt of medicines, by ſhewing, that many 

wed in 2/96 ve, Materials, uſed in phyſic, have little, or no medicinal virtue, at leaſt, not equal to 


have little virtue, e es Wh . 
and others neg- the price they bear. I am not altogether for rejecting leaf-gold, and precious 


e. ſtones; the diſſolvent in the ſtomach, may, thence, poſlibly, extract ſome uſe- 
ful parts, and, thereby, render them ſerviceable to ſuch as will go to the price 
of { wy I have, with different liquids, eaſily, and without heat, obtain'd tin- 
ctures from and ſometimes diſſolvd them: nor do I deſpiſe them exhi- 
bited in ſubſtance. Glaſs of antimony, which appears like a ruby, will readi- 
ly impart an emetic quality to Auics ; tho” as well rubies, as other gems, 

iffer therefrom in fixedneſs. Gems will endure a violent fire, and the force 
of ſtrong corroſive liquors ; but the glaſs of antimony yields to ſpirit of vi- 
negar, and a ſtrong fire diſſipates it into fume. However, tis one thing to 
ſhew it poſſible for the human ſtomach to act upon gems and gold; and a 
different one to prove that it really does ſo, and, by that means, gets out the ſpe- 
cific virtues aſcribed to them. And were even this demonſtrated, it remains to 
be confirm'd, that theſe do more than cheaper ſimples: ſo that I ſuppoſe, 
phyſicians might do well to preſcribe the latter, wink virtue is unqueſtionable, 
to the poor, inſtead of the former, whoſe dearneſs is certain. 


What 
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What wonderful powers may reſide in the true Aurum porabile, T ſhall not now Aurum potabile 
particularly inquire: the attempts, however, to make it ſo ſeldom ſucceed aright,, 


that many have pronounced its preparation unfeaſible. But were it not; why 
muſt it poſſeſs ſuch virtues as others boaſt of? The current reports concerning it, 
ariſe, not from experiments, but in great meaſure the authority of books that Tow 
fictitious names. And ſome, I fear, commend it, from a ſuppoſition that the 
gold is hereby render'd volatile, cr exalted to a ſpiritual nature; and argue'its ex- 
cellence from the nobleneſs of the metal. But, for my part, tho' I have a men- 
ſtruum that will ſoon, with a gentle heat, bring over crude gold enough, upon 
a firſt or ſecond diſtillation, to afford a high yellow volatile tincture; yet as I can 
quickly recover a malleable gold therefrom, I dare not pretend to do wonders with 
the metal diſſolved therein. But to make an Aurum potable in an hour or two's 
time without a furnace, or any other diſtilled liquor than rectified ſpirit of wine, 
I have ſeveral times prepared a ſaline mixture, conſiſting of one part of ſal- armo- 
niac, two parts of roch-alum, and four of pure nitre. This, being well pul- 
verized and mixed, I rubb'd diligently in a marble mortar with 15 or 16 parts, 
in weight, of the whole mixture, of leaves of gold ; and placing the whole in a ſmall 
new crucible, with a few kindled coals around, at a ſmall diſtance from it, ro neal 
the veſſel, I ſoon after fer them nearer, till the heat made the matter melt; and 
with that gentle fire I kept it in fuſion till it viſibly emitted no more fumes, but 
grew dry again. Then preſently taking it from the fire, whilſt it was yet warm, 
I dug it out as clean as poſſible, and having ſeaſonably pulverized it, that it might 
not attract the moiſture of the air, I put it to ſome highly ratified ſpirit of wine, 
which within an hour or leſs was thereby enobled with a rich golden colour. And 
this I found by various tryals, purpoſely made, to be a real ſolution of gold. 
And farther, to make a preparation, wherein gold is reduc'd to very minute parts, 
without the help of mercury, or of any precipitation by means of ſharp falts, 
we took refin'd gold, and diffoly'd it in clean ſpirituous Aqua regia; and inſtead 
of precipitating the clear ſolution with oil of tartar per deliquinm, ſpirit of fal-ar- 
moniac, Cc. we firſt, with a very moderate heat, drew off the ſuperfluous liquor, 
whereby the gold, with the remaining = of the menſtruum, was left in the 
appearance of a thick oily liquor. This done, we pour d upon it a treble weight 
vinous ſpirit, totally inflammable; and in a ſhort time we had a very ſubtile 
powder, or high-colour'd calx of gold, that ſubſided at the bottom; the men- 
ſtruum being ſtrangely dulcify'd as to taſt, and become frogrant in point of 
ſmell. A very few days after, we decanted the liquor, and put on it freſh ar- 
dent ſpirit; when leaving them a while together, there ſubſided the like well-co- 
lour'd calx, more plentifully than before; whilſt the menſtruum acquir'd ſuch. 
qualities as made it ſeem likely to prove an uſeful medicine. : 

This powder of gold, tho' it ſeem'd not to _— it, we farther purified for 
internal uſe, by burning a totally ardent vinous ſpirit, twice or thrice thereon, 
to carry off with it any little corroſive or ſaline particles, that might have ſtill 
adher d to the metalline ones. b 

The ſpirituous Agua regia, here mention'd,. which may probably be à more in- 
nocent menſtruum in preparing gold for medicinal uſes, I very eaſily make, by 
mixing one part of good ſpirit of ſalt with two of ſtrong ſpirit of autre. 
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But ſhould theſe, or the like preparations, poſſeſs medicinal virtues, they might, 
perhaps, be more owing to the menſtruum than the metal; whoſe nobleneſs de- 
upon the eſtimation of men, and is, accordingly, in ſome countries leſs 
eſteem'd than iron or copper. Nor, becauſe it is a fixed and precious body, muſt 
it therefore be an extraordinary medicine; for then - diamonds wou'd hardly be 
rank'd among poiſons. Be this as it will, tis abſurd that phyſicians ſhould prize. 
ſimples, like drugſters, according to their dearneſs, or for coming from remote re- 
gions; as if God had made proviſion only for. the rich, or thoſe who trade to 
the Indien. On the contrary, it frequently happens, as we before obſerv'd, that 
the Caput mortuum of the chymiſts, which is ſometimes thrown away as uſeleſs, 


may have greater virtues than thoſe reputed nobler parts, forced from the original 


bodies. And a deſpiſed common ſimple, nay an inſect or an excrement, may in 
ſome caſes prove nobler medicines than an extract, elixir, or a quinteſſence. Thus 
the ſuppoſed vile Caput mortuum, that remains after the diſtillation of fortis, 
diſſolved in common water, yields a falr, which being only depurated by fre- 
uent- ſolutions and filtrations, becomes the famous Panacea duplicata, or Arcanum 
cation, purchaſed, at the price of 500 dollars, by that great chymical vir- 
tuoſo the Duke of Holſtein ; concerning which that prince's phyſician thus writes 
to Schrader. Our court has a thouſand times experienced the virtue of this ſalt, 
< in hypochondriacal cafes, continued and intermitting fevers, the ſtone, ſcurvy, 
<« &c. the doſe is from one ſcruple to two.” And another phyſician, who fre- 
quented that court, aſſured me of the diuretic and deobſtruent quality of this 
medicine. But what appears more ſurprizing, is, that the Caput mortuumm of vi- 
triol, when all the oil is drawn out, and it's fixt ſalt carefully ſeparated by water, 
the mere ſeeming Terra dammaa, that remains, is parable into a nobler medi- 
cine than, perhaps, either the oil, ſpirit or ſalt, of that mineral. That the bezoar- 
None, ſold at an immenſe price, is every way inferior in virtue to the Calculus 
bumanus, we have the teſtimony of the experienc'd Bontizs. And ſoot, tho 
eſteem'd a vile commodity, is an uſeful one in phyſic. Riverins commends it in 
7 ; and I have found that a ſpirit, made thereof, is no inconſiderable liquor. 

know too that the medicines of ſome eminent phyſicians have the ſpirit of 
ſoot for their principal ingredient. I remember alſo an empiric of learning, who 
became very famous for curing difficult diſtempers of the brain, by a remedy he 
called his Pauacea, or Aurum potabile, which, in exchange for another chymical ſe- 
cret, I learnt of him to be chiefly ſpirit of ſoot, wherein the flowers of ſulphur 
were ſo diſſolved, as to ſwim about in ſmall drops of a golden colour. 

The expreſsd juice of ſtone-horſe dung will give relief in a ſuppreſſion of 
urine, to thoſe who are troubled with ſtitches or wind, and even in obſtructions of 
the liver and ſpleen. This homely remedy has, to my knowledge, been ſo ſuc- 
celsfully uſed by a great lady, that ſhe prefers it ro chymical — and elixirs. 
And many of the poor were cured of the plague with the fame, uſed as a ſacce- 
danemm to the powder of ripe ivy-berries, when that dreadful diſtemper lately 
rag'd in Ireland. | 

The medicinal virtues of human urine, both externally and internally 
uſed, require a volume to enumerate: and an induſtrious chymiſt has _ 
made a collection towards it. An ancient gentlewoman, whom I knew, was ad- 


viſed 
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viſed, for a complication of obſtinate chronical diſtempers, to drink her own urine 


every morning; which reſtored her almoſt ro a miracle. A perſon of great qua- 
lity went thro' the ſame courſe, after having found the Spaw ineffectual. And 
once I taught an empiric a cheap preparation of this excrement, which render d 
him — about the country, for the cure of many diſcaſes, eſpecially the 
leuriſy. 

. — quantities of wholeſom human blood are thrown away every ſpring and 
{all, as uſeleſs ; — by a skilful management it will, without any thing beſides ſpi- 
rit of wine to keep it from corrupting, cafily afford a ſpirit and volatile ſalt, pre- 
ferable, I believe, to thoſe of horn; for they have cured conſumptions, 
aſthmas, &c. to the admiration of my ſelf and otlicrz. To give one inſtance 
more, of the efficacy of things apparently deſpicable; the common wood-lice or 
ſows, which I have both taken my ſelf, and frequently recommended to others, 
are excellent, not only for the ſtone in the bladder, but againſt other diſtempers. 
A ſlight preparation of them was diſcover'd, by a learned phyſician, to be the 
grand ſecret of an empiric, famous in England, for giving relief in fits of the ſtone; 
and I knew an ancient gentlewoman, skill'd in phyſic, who, having loſt the ſight 
of one eye by a cataract, had the ſudden loſs of that of the other foretold 
by the oculiſts; but, to my ſurprize, ſhe continued to enjoy it in great perfection, 
by the help of millepedes infuſed in white- wine; which were recommended to her 
by a woman who had herſelf, thereby, been cured of a recent ſuffuſion in both 
her eyes. An ingenious phyſician, allo aſſured me, that he met with a woman in 
Holland who was cured of a real catara& by the juice of the ſame animals; be- 
ing adviſed to. uſe it by an empiric, reported to have therewith performed ſeve- 
ral cures. | 

Surprizing things have, alſo, been done in fore and exulcerated breaſts of women by 
taking millepedes, bruiſed, in proper liquids; linen cloths being dipp'd in white-wine 
and applied warm to the part during the time of their uſe. Let me add, that I 
have ſeen a young lady who, by various fiſtulas in ſeveral parts of her body, was 
lamed, emaciated and weaken'd, to ſuch a degree, that her life was deſpair d of; 
yet by the frequent uſe of a diet-drink, wherein mil were the chief | 
dient, her ulcers ſpeedily heal'd, and a good habit of body was reſtored. 
many other 2 with the ſame medicine, were aſcribed to this 
3 young lady I knew afflicted with a radicated epilepſy; w 

er numberleſs medicines, preſcrib'd by pliyſicians, had prov d ineffectual; and 
after her fits came upon her ſeverely, eight or ten times a day, was cured by the pow- 
der "+4 true agen. of _ « cn for ſome days, near 3 « 0g 
in t ti t wou'd lie upon a ſix- pence, every morning, in black- . 
water. ET And tho ER Hd 2 viſible effect upon her; 
yet, after the firſt day it was taken, the fit never return d but once. The perſon, 
who adviſed this remedy, profeſs d he had therewith conſtantly cured that diſtem · 
per, when he cou'd procure the genuine ſimple. * 


* The uſe of this medicine is ſtill continued with tolerable ſucceſs ; but many queſtion, whe- 
ther it be aſpecific for the epilepſy. * 


Vol. L. R To 
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To ſave trouble and To khow how to fave trouble and charges in preparing chymical medicines, is 
charges „ne. another way to leſſen the expence in the curative part of * ic. It were wrong 


hymical A 
— * 


to ſuppreſs all chymical remedies becauſe of their dearneſs; for altho a large price 
be paid for a conſiderable quantity thereof, yet a doſe may come cheap enough, 
There are alſo Galexical — ſold as dear, the largeneſs of their doſe con- 
ſider d, as the chymical; yet when the prices of the latter are exorbitant they 
ſhou'd be retrench'd. There are two t blameable in RR as to this 
matter; firſt, their making uſe of chymical preparations, when ſimples or ſlight 
compoſitions wou'd ſerve as well; and, ſecondly, their beſtowing too much labour 
in preparations. There are phyſicians ſo fond of furnace- productions, that to cure 
a cut finger, they'll apply ſome chymical oil or balſam; and, in ſlight diſtempers, 
have recourſe to mineral remedies, or ſuch as, occaſioning great and unneceſſary al- 
terations in the body, frequently do harm. Yer Paracelſus often uſed ſimples for 
the cure even of formidable diſeaſes. And tho” I am of opinion, that powerful 
or univerſal remedies are unobtainable without chymiſtry, and perhaps without mi- 
nerals; yet I cannot but think, that ſimples, or cheap Galenical compoſitions, ma 
cure moſt particular diſeaſes; and afford more noble ſpecifics than the chymiſh 
imagine. Helmont ingenuouſly confeſſes, he believ d ſimples, alone, ſufficient to 
« cure all diſtempers; and ſcruples not to ſay, there may ſometimes be greater 
virtue in them, as they are afforded by nature, than as prepared by the fire.” 
And, queſtionleſs, the ſpecific properties of many ſimples are deſtroy d in chymi- 
cal preparations. The moſt 2 chymiſts acknowledge, that pearls barely re- 
duc d to fine powder, are a better medicine than the magiſtery they make of them, 
by ſolution in acid ſpirits, 1 with oil of tartar, and a careful edulco- 
ration. The ſame is very obſervable in the magiſtery of harts-horn ; for whereas, 
this ſubſtance, when crude, makes a jelly with water; the magiſtery remains a fixt 
powder, inſoluble even by acid menſtrua; and ſcarce affords any ſmoke when 
thrown upon a hot iron. I never found the vulgar chymical eſſences, or elixirs, 
half ſo ual in ſtopping hemorrhages, as equal parts of hen-bane ſeed, and white- 
poppy ſeed, beat into a ſtiff eleRuary, with twice their quantity of the conſerve 
of red roſes. With this remedy, given in the quantity of a nutmeg, or walnut, 
both my ſelf, and others, have frequently cured profuſe bleedings at the noſe and 
elſewhere. ' Nor did I ever ſee ſuch ſurprizing effects from the moſt elaborate 
chymical preparations, in ſpitting and vomiting of blood, as from a ſyrup made 
only of plantain juice, that of comfrey-roots, and fine ſugar. And unuſual cures 
of this kind have herewith been perform d by two eminent phyſicians. 

But I obſerved, that in caſes where chymical medicines are proper, the prepa- 
ration thereof is too tedious and expenſive. A chymical proceſs is ſeldom order*d 
or eſteem'd, that requires not ſome weeks to complete it; as if the embryo wou'd 
otherwiſe prove abortive; or the medicine cou'd not cure with expedition, that 
was not flowly prepared. And this humour prevails, not only in making the 
ſanding medicines of the ſhops, but even extends to thoſe deſign'd for extempo- 


raneous uſes; and, perhaps, for acute caſes too. Now, were a phyſician to wait 


till theſe remedies were made upon ſuch emergencies; his patients, I fear, wou'd, 


by that time, have little occaſion for them. Beſides, this tediouſnels in the me 
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ceſs is often increaſed by the unskilfulneſs of the preſcriber. 'Tis frequent, we 
ſee, in chymical writings, to ſubmit the materials of the medicine to ſucceſſive 
operations; by were you to demand a reaſon for each ſtep taken herein, the 
operator might finiſh his proceſs before he. cou d give you a ſatisfactory anſwer. 
Nay, theſe proceſſes are ſometimes ſo injudiciouſſy lengthen'd out, that the operations 
thwart or deſtroy each other; and leave the medicine in a worſ? condition than 'twas 
found. And thus, as we juſt obſerv'd, the virtues in the common magiſteries are 
loſt. I lately met with a notable inſtance of this kind, in a famous modern chy- 
miſt; who, to purify the fix'd ſalt of vegetables to its height; after numberleſs 
ſolutions, filtrations, and coagulations, orders it to be diſſolved in Agua fortis; 
whereupon, ſays he, it will become very pure and cryſtalline, and not eaſily 
diſſolvable in the air. And truly, he is in the right; for, by adding Azua fortis 
to ſome vegetable ſalts, and afterwards exhaling the ſuperfluous — I uſed 
to make good inflammable ſalt-· petre. See with what judgment this ſolution was 
order d, to depurate the ſalt the farther; and how fit ſuch authors are to be cre- 
dited, in attributing to ſuch ſalts the improved virtues of the reſpective vegeta- 
bles that yield them! In ſome caſes, tis true, as in making active and powerful 
menſtrua, exact depurations are neceſſary; but in many other caſes, ſuch a ſub- 
tilization of a remedy, which often renders a proceſs incredibly tedious, is more 
inſignificant than chymilts imagine; and ſometimes proves detrimental, by robbing 
it of thoſe fine parts whereon its ſpecific virtue depends. 
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* as a cure becomes more expenſive, thro the charge of the ſeveral chy-54 7 ways: than 
mi 


operations whereby medicines are made; a farther acquaintance with 5 the common, of 


pr- paring medi- 


mental philoſophy, may ſuggeſt cheaper and better ways of performing them, dias. 


than thoſe now uſed. And I queſtion not, but chymiſts may be inſtructed to 
make better furnaces for ſeveral purpoſes , than they are hitherto poſſeſs'd of; 
for the profeſſed artiſts among them, having been generally ignorant in other parts 
of learning, and particularly in mechanics; their furnaces and utenſils have never 
been contrived to the beſf advantage; with regard either to the husbanding of 
their fire or fewel, or the intending and remitting its heat. Tis an agreeable 
ſurprize, to ſee how _ veſſels may be duly heated by one ſmall fire, when 
the furnace is ſo contrived, that the flame may pals thro? various windings to the 
vent. And as to the intenſeneſs of heat, I have ſeen odd effects — with- 
out the aſſiſtance of bellows, in a furnace capable of receiving but few coals ; for 
I ſometimes vitrify'd even crucibles herein; and thought, by a ſmall alteration, I 
cou'd melt its ſides down. But a credible pans iſciple to Cornelius Drebell, 
cou'd do more than this. He aſſur'd me, he had a way of building furnaces, 
wherein he, by the * force of the fire, made Venetian talc flow; which I con- 
feſs myſelf unable to do by the fire of a glaſs-houſe. Experience, however has 


aſſured me, tis eaſy to make a furnace give heat enough, without the leaſt help 
of bellows, to cupel both and filver. The heat in furnaces may alſo be 
better regulated than at preſent: and I look upon the skill of intending and re- 
mitting hereof at pleaſure; and particularly, of continuing it long in an equable de- 
gree, as a _ of greater moment, both to phyſic and philoſophy, than men 
ſeem appriz'd of. 


ith lamp-furnaces, 8 order. d, many things may be per. 
2 


— 


68 


22 


the materials to be prepared upon live coals, as Glauber or 


which alone fits it to trapfmit the rays of light? 


The Uſefulneſs of Philoſophy. 


form'd in imitation 'of nature ; and ſeveral of my friends have, by means hereof, 
brought hen-eggs to manifeſt animation. That furnaces, alſo, may be fo built, 
2s to require but little attendance, appears from the obvious invention of athanors, 
or wwer-furnaces ; wherein the fire is, for many hours, ſupplied with a ſmall quan- 
tity of coals, without ever burning much faſter than is * and that the 
labour of blowing may well be ſpared, and the annoyance of mineral fumes, in 
| meaſure, avoided, appears from thoſe furnaces made with a pipe to draw 
air, as in Glaubers fourth furnace, or otherwiſe. I . add, that caſting 

ers, in his firſt fur- 

nace, is ſometimes a cheap and expeditious way of preparing particular minerals; 
tho' his method, of making ſpirit of ſalt in that furnace, fail'd both with me and 
ſome of my acquaintance. There are, alſo, ſeveral other more commodious con- 
trivances of conmiining things to a naked fire; ſo that, upon the whole, I cannor but 
expect, many good expedients of employing fire to chymical uſes, will hereafter 
be found; which are not, at preſent, ſo much as dreamt of. 


— mare 2h. And not only furnaces, but the veſſels that immediately contain the materials 


to be prepared, are, doubtleſs, capable of improvement. Thoſe earthen retorts, 
called Glauber s ſecond furnaces, if made of good matter, may be render'd uſeful. 


The great convenience of ſealing glaſſes hermetically, and of glaſs-ſtopples for bottles 


containing corroſive or ſubtile liquors, Cc. perſuade me, that, cou'd we prevail 
with the potters and glaſs-men to make their — neat veſſels according to di- 
rection, many things in chymiſtry might be made better and cheaper than they 
now are; and others perform'd, of which our preſent veſſels will not admit. And 
as tis poſſible to render glaſs malleable, if that relation of Pliny and Dion Caſſins, 
concerning an ingenious man who was put to death for it, be true; ſo, now 
chymiſtry is improved, cou'd this art be retriev'd, *twou'd be very beneficial to 
mankind ; by enabling us to make abundance of experiments which are now ſcarce 


practicable. Such an attempt muſt appear the more promiſing to chymiſts, be- 


cauſe Lally expreſly ſays, © it's one of the principal effects of the phi- 
46 loſopher's ſtone to make glaſs malleable.” And an expert chymiſt, not cre- 
dulous, and, in a word, very well worthy of credit, aſſur d me, that he had him- 
ſelf ſeen at Mentx, in the hands of a gentleman of Switzerland, a piece of glaſs 

ans 


about the bigneſs of a ſhilling, which was red and tranſparent, like glaſs o 
timony made per ſe, and which the owner affirm'd he had hammer'd in the pre- 


ſence of rhe elector of Heidelberg. But the Switz gentleman perceiving the other 
indiſpos'd to believe ſo ſtrange a thing; after he had confeſs'd the glaſs to have 
been given-him by an excellent chymiſt in his country, permitted him to lay 
the piece upon an anvil, and to ſtrike ſeven or eight ftrokes with a ham- 
mer upon it; by which means he found, that tho* it was not malleable like 


* Tis pretended, that the expreſſion, to make But, perhaps, this favours more of quibble than 
glaſs malleable, is a contradiction; fince to be] of 15 to chymical — who 


malleable, it muſt loſe its tranſparency ; that is,| confider, that glaſs in fuſion, or in powder, is ſtill 


retain one certain order under the hammer; almoſt deſperate. 


ceaſe to be glaſs; for ſay ſome, canits parts gaſs : tho' even to theſe, I believe, the problem 
| cems 
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neal d ſilver, ſince it began to crack at the like filver that is over-ham< 
mer d; yet it did really ſtretch under the _ growing more thin on the 
beaten part, and having viſible marks or impreſſions made on it by the edge of 
the hammer. But as to my own opinion about ſuch a preparation, and the un- 
common inducements I have for it, I muſt be here — However, as ſtrange 
things as this, ſeem to be performable. 

Relating to a judicious perſon what a 1 of Bruxeli affirm'd to me, that 
he himſelf had prepared three or four reſuſcitable 3 one of which he 
ſented to the marqueſs of Caſtel Rodrigo, governor of the Spaniſh Netherlands, where 

this gentleman had lately been; he told me, that, an apothecary of Namar 

had prepar d reſuſcitable plants in a different way from what others pretend to; and 
that he could prepare a great variety of them. And many of theſe, he aſſurd 
me, he had ſeen preſerved in diſtin glaſs-bottles; tho' the apparitions that were 
exhibited, ſhew'd not the peculiar —— the ſhape of the plant; but 
this ſo well, that he could perfectly diſtinguiſh, and eaſily know, the ſeveral 
plants; inſtancing particularly in Cards benedic tus, and camomile. 

And the difference betwixt this way of exhibiting plants, and that mention'd 
by Quercetan; pretended to, alſo, by others; I found by this gentleman's anſwers, 
to conſiſt chiefly in theſe two things; the firſt, that the apothecary's plants did 
not, as the others, ſeem to grow up into the air included in a ſeal'd vial; but 
were ſeen growing in a clear liquor, wherewith the bottle, that contain'd it, was 
almoſt fill d; and next, that tho to make the apparition, mention*d by Quer- 
cetan, and others, the 2 of an actual heat is affirm'd to be requiſite, 
upon the abſence of which, the phantaſtical plant relapſes into its aſhes ; in the 
formation of the apothecary's vegetables, he doth not employ any actual heat, 
but only the ſhaking of the bottle; for upon that agitation the prepares aſhes or 
powder being rais'd from the bottom, and diſpers d quite through the liquor; 
when the glaſs is ſet by, in a quiet place, the ſcatter d particles, by degrees, unite 
together > as to compoſe a model of the plant they once belong'd to. And 
heat not being requiſite to their formation, theſe plants do not quickly, as the 
Polonian phyſician's phantaſtic vegetable, recorded by Quercetan, fall back into 
a powder ; but if let alone, continue till the preparer thinks fit, by a gentle agi- 
tation of the bottle, to diſſolve the looſe contexture * 

An ingenious perſon, very worthy of credit, inform'd me, that he was em- 
ploy'd, ſome years ago, by a German phy fician, to diſtil a certain known mine- 
ral, which he perform'd in a naked fire, with ſo good ſucceſs, that he had from 
about half a pound of the mineral, near three drams of a liquor; which he in- 
cluded in a glaſs with a bubble, and a ſlender neck, like a weather-glaſs; bur 
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There occur, ſays M. H. „many q ſtruum, wherewith in remains mixed; and, 
uctions in chymiſtry, tha, in ſome ſort, | laſtly, thoſe which contain nothing metallineg 
reſemble the vegeration of plants ; but when | only ſimple, ſaline, terreſtrial or oily. ſubſtances. 
cloſely confider's, they prove greatly different | Of all theſe he gives ſeveral examples; with the 
therefrom. Theſe productions are divided, by ' proceſſes to make them; and the ſolutions of the 
this author, into thoſe which conſiſt of a = phenomena therein. Sce Memoir. de ] Academe. 

maſſy metal, without any other mixture; thoſe A, 1710, p. 5$6- $72. | 
which conliſt of a metal diſſolved in a men- * 
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tho! theliquor, at firſt, reach'd not above the bubble, only fill'd it to the 
- bottom of the pipe; yet as the moon increas d, this liquor, as the doctor ex. 
pected, by degrees expanded it ſelf in the glaſs, ſo that about the full-moon, it 
reach d an inch into the pipe, and upon the decreaſe of the moon, it ſubſided 
by degrees to the bottom of the pipe. And when I ask d, whether the veſſel 
were carefully ſtopt? he anſwer d, that it was not only ſo, but hermerically 
ſeal'd, like one of my thermometers with ſpirit of wine; which he had ſeen, 
This the relator averr'd to me upon his own obſervation, and being deſir d, he 
readily gave me a deſcription of the mineral, and a direction where to procure it; 
adding, that the ſame doctor made the like tryal with another mineral, a- kin to 
this; with which having heard that ſuch a thing had been perform'd, gave me 
occaſion to propoſe the queſtion, 

Upon asking an inquiſitive traveller, who lately waited on a German prince, 
addicted to chymiſtry, and was employ'd by him in his ps laboratory, ſome 
queſtions about the ore of biſmuth or tin-glaſs, whereof there is ſaid to be a mine 
in that prince's territories; and, in particular, whether he had obſerv'd any thing 
of. the varying bulk of a ſtrange liquor obtainable from it ; he anſwer'd, that 
he had made many tryals upon this mineral, and that particularly by his prince's 
command, he had diſtill d a conſiderable quantity of a certain fort of it; whereby 
he obtain'd a liquor, which being, by rectification, freed from its ſuperfluous 

hlegm, amounted to about half a pint. This liquor was put into a vial, which 
it almoſt half fil d. This vial being exactly ſtop'd, was ſer aſide in a quiet place; 
where, (according to the prince's expectation) as the light of the moon increas d, 
from the new- moon towards the full; this liquor gradually, ſwell'd, very ma- 
nifeſtly and conſiderably; ſo that when the moon was in the full, the liquor reached 
almoſt to the top of the glaſs; and during her wane, as the light decreas'd, ſo did 
the bulk of the liquor, which was always leaſt at the new- moon. He alſo 
readily told me the way he uſed in making the diſtillation, which, he ſaid, re- 
quired an intenſe degree of fire. 3 

An ingenious phyſician aſſur'd me, that at a place near Amſterdam, there 
liv'd a kind of a farmer, reputed very curious; who ſhew'd him, among other 
things, a conſiderable quantity of quick - ſilver wholly of the colour * gold ; 
and that having purpoſely (with water) divided it into many globules, each of 
them retain d the fame rich colour. He farther told me, that the poſſeſſor of 
this yellow mercury, having put ſome of it over a fire in a convenient veſſel, it 
quickly loſt its fluidiry, and was precipitated into a red powder. 

Another very learned and experienc'd phyſician aſſur d me, that an adept ſhew'd 
him a running mercury of a lovely green; which he purpoſely throw d upon a car- 
pet, and found the globules, whereinto *twas by this means divided, to be of 
the ſame fine green that had beautify*'d the whole maſs. But to return. 

Geveral branches Spirit of wine, which is one of the moſt chargeable things in chymiſtry, re- 
Zea. quires, in the ordinary way, much time, and many rectifications, to clear it of 
| its phlegm; but I have ſeen a veſſel, made of tin or pewter, invented by a 
chirurgeon, at Paris, that wou d atone diſtillation, bring it over, from wine it- 

ſelf, pure and moſt highly rectified. Nor do I queſtion, were the nature of fer- 

mentation 
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mentation better underſtood, but inflammable ſpirits might be obtain'd from ve- 
getable ſubſtances much cheaper than wine: for not only cyder, perry, &c. but 
moſt grains, alſo, and berries, will yield it. In Barbadoes, they make their Mobby, 
a kind of wine, of potatoes: nay, ſuch a liquor is, likewiſe, obtainable from 
ſome ſorts of leaves; and I have found roſes, well fermented, to afford a 
inflammable ſpirit. And, as to the preparation of pure ſpirit of wine, I have a 
way that exceedingly leſſens the time and trouble of rectifying it, tho without 
any particular contrivance, either in the furnace, or glaſſes. 

The naturaliſt, we hope, may, alſo, teach us pood husbandry in heating our 
furnaces, either by diſcovering new combuſtible materials, or introducing 
ſome cheap alterations in thoſe the ſeveral places afford ; ſo as to augment, or 
render the heat more durable, and their ſcent leſs offenſive; or elſe by directing us 
to ways of performing without fire, what we uſually do by it's means. In 
ſome countries, as here in England, where charcoal, alone, was formerly burnt 
in furnaces ; pit- coal ſupplies it's place. They who diſtil large quantities of A. 
qua fortis, do it with coals much cheaper than thoſe of wood: and, I find, 
that the ſame fewel may be uſed in other kinds of furnaces, where the bars 
of as ate are ſet wider; if a little char-coal be mixed therewith to promote 
it's kindling. 

And as — of late, has been found om; us, where it was before un- 
known, ſo, 'tis probable, other countries, were the proper ſearches made, may, 
| allo, afford the like. But the ſmoke of this coal being very offenſive, and 
other inconveniencies attending it's uſe ; a way has been found to char and re- 
duce it into coherent maſſes, of a proper ſize. Tis true, it is fold almoſt as 
dear as charcoal ; yet thoſe who conſume large quantities, find it near twice as 
cheap ; becauſe it laſts much longer, and gives a heat far more intenſe than the 
other. It would, therefore, be a very uſeful thing in chymiſtry, to be able to 
char- coals, without the uſe of thoſe pots whereto their preſent price is owing. 
And that this were eaſy to do, I ſhould directly ſhew, would it not prejudice 
the induſtrious chymiſt, whoſe invention it is. In Holland, likewiſe, they have 
a way of charring peat, a kind of turf, which might ſerve for fewel in chy- 


mical operations; tho' the manner of charring be not yet known in ſeveral countries, 


where, perhaps, peat might be found. Nor is it improbable, that ſome places 
might afford combuſtible materials, which have hitherto no name aſſign d them 
by minerologers. I have ſeen a ſort of coal, part whereof look'd like marca- 
2 that burnt clear, and with a good flame, to whitiſh aſhes, without ſtopping 

e grate. 

1 as we improve in natural philoſophy, *tis poſſible, ways may be found 
to excite heat, ſufficient for many chymical proceſſes, without the aſſiſtance of 
common fire, or fewel. Conſiderable heat is producible by the attrition of 
hard bodies, as iron and ſteel. And, perhaps, ſuch an heat might, by ai 
2 contrivance, as of a water engine, be produced in iron veſſels to digeſt 
WI . 

This I know, that from ſome ſucculent plants a liquor may be drawn by 
barely expoſing chem, in proper glaſſs, to the rays of the ſun, The 1 

e 
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Horſe-dung, which chymiſts uſe for digeſtion, might ſerve to diſtil ſome fer- 
mented liquors ; at leaſt, when augmented by a skilful addition of quick-lime 
and water. Many cheap materials, I doubt not, might, upon trial, be found 
to make pn furnaces, without fire, clear of the inconv eniencies attend- 
ing the uſe of horſe-dung. For, not to mention the ſpontaneous heat in malt, and 
other ſorts of grain, and fermenting berries ; I, many years ago, found, that 
by ſurrounding glaſſes with refuſe hay, well preſſed, and uniformly wetted, it 
would, for ſeveral days, afford ſuch an heat, as render d that of horſe-· dung need- 
leſs: and yet the greateſt quantity of hay, that I ever employ'd for this pur- 
poſe, was too little to take fire of itſelf ; as ſometimes happens in ſtacks of it. 
And where actual fire is required, skill may leſſen the occaſions of it. To 
make ſpirit of freſh urine, near nine parts in ten are generally drawn off as 
phlegm, before the volatile part begins to riſe; but a knowledge of the nature 
of putrefaction, will fave this expence of fire: for, let the urine ſtand, well 
ſtopp d, for eight or ten weeks, and the ſpirituous parts will ſo diſengage them- 
ſelves, that the gentleſt heat will raiſe them firſt, and leave the phlegm behind. 
And, even, from freſh undigeſted urine, I can, with eaſe and cheapneſs, make 
a ſubtile ſpirit riſe with a gentle heat, before the phlegm ; only by pouring it 
upon quick-lime, juſt before diſtillation, till it riſe a few fingers breadth 
above the upper ſurface thereof. 

The volatile ſalt of urine may eaſily be obtain'd with an exceeding ſmall de- 
gree of heat, barely by tempering the extract of urine with a convenient quan- 
rity of wood aſhes; whereby the volatile part of the ſalt of urine is ſo freed 
from the groſſer ſubſtance, - that it will, with ſtrange facility, aſcend fine and 
white to the top of very tall glaſſes. 

To rectify that grand — — ſpirit of wine, you need only put about an 
inch thick of tartar, calcin'd white, and dry, in the bottom of a tall, 
flender 2 body, and pour thereon as much ſpirit of wine, once reRified, as 
will, when they have been ſhaken together, ſwim a finger's breadth above the 
tartar; anddraw off the ſpirit with a gentle heat. This method faves the 
expenſe, both of the time and charges, required in the common way of rectifying 
it; for, even, what riſes laſt here will burn all away, yet leave only a mere 
phlegm behind, after diſtillation ; and the fame calx, well dry'd, will ſerve 
more than once in this operation. And, even, quick-lime, or falt of or 
aſhes, may here be ſubſtituted for the calx of tartar. Vet the ſimple ſpirit 
of good French — being once or twice drawn from as much ſalt of 
tartar, as it can diſſolve in the cold, will leave the ſalt eaſily fuſible and dif- 
ſolvable in highly re&ified ſpirit of wine. 

*Tis farther remarkable, that I have gain'd an inflammable ſpirit from damask 
roſes, by beating them in a mortar, putting them into a veſſel, with a pro- 
—_— of water and ale yeaſt, and keeping rhem in fermentation for five or 
ſir days; and then diſtilling all per vefcam. 

I alſo imagine, that menſtrua may be diſcover'd, capable of valatilizing, or 
unlocking the more groſs and ſluggiſh bodies, with greater eaſe than uſyal. 
There is a liquor, uſed by chymiſts, with which I have often diſtill'd ſp is, 
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bf nite, by a gentle heat of ſand; and believe I could bring ſome over with- 
out any external heat at all. And having once ſuffer d a certain menſtruum 
to remain, a very little while, upon crude antimony, I afterwards abſtracted it 
by a moderate ſand-heat; when the liquor brought over not only ſome of the 
ſubſtance, in form of red flowers, and united other parts thereof to itſelf, but 
rais'd ſeveral little tranſparent maſſes, like amber, to the top of the retort ; which 
were inflammable, and both ſmelt and burnt like common ſulphur ; and yet the men- 
ſtruum, which was eaſily recoverable from the antimony, only taſted, before 
*rwas uſed, ſomewhat like good vinegar. 

But, beſides the ſeveral — ways already mention'd, others, that are now 
unthought of, will, I queſtion not, by human induſtry, be diſcover d. The 
calcination of gold and filver is render d eaſier by amalgamations with , 
than by the long continued violence of fire. And to lay no ſtreſs upon 
Alkabeſs of Helmont and Paracelſus; I doubt not but menſtrua, to facilitate 
difficult operations, may be found; and ſuch as will not loſe their virtue, like 
our common ſaline ſpirits, by being but once uſed. The menſtruum I make 
by _ diſtilling verdigreaſe, will ſerve ſeveral times to extract a tincture 
out of _ glak antimony. _ fore 

In the laſt place; a naturaliſt may, probably, better means of preſerving 
chymical medicines than we now — Clarified juices of vegetables, extracts, 
robs, Cc. may be better and cheaper preſerv d than by ſugar, if Helmont ſaid 
true, that he was maſter of ſuch an art. His way of . liquors with 
ſulphur, is a good one for this purpoſe. But a friend of mine has a ſecret to 
preſerve the fumigated juices of plants, with ſurprizing ſucceſs ; his method is 
to add thereto a ſmall quantity of the white coagulum, made by the pure 
ſpirits of wine and urine. 

*Tis tedious thus to inſiſt upon particulars; I ſhall, therefore, add, in the 

I, that the common practice of chymiſts, is no rule whereby to judge of 

e extent of the natural skill, and mechanical contrivances, that might be em- 
ploy'd to render remedies more cheap, or, which is the greateſt cheapneſs, ef- 
fectual: for of all methods to reduce the expenſe of a cure, the uſe of ſpe- 
cifics is the beſt ; and he who knows the true cauſes and ſeats of diſeaſes is 
enabled — RED ſuch grand remedies, as bringing immediate =_ od — 
tient, r e ician, chit urgeon, and „ Uunnece . us t 
merchant, — — was reliev d, ＋ ſpecific, from the gout ; one 
young lady cured of fiſtulas, by millepedes ; and another of an almoſt heredi- 
tary epilepſy, by miſtletow of the oak, might ſeverally, in the ordinary way, 
have, in vain, beſtow'd an hundred times the money thoſe powerful medicines 
colt them. But if flight medicines, or ſingle ſimples, may, ſometimes, per- 
form ſuch ſpeedy cures, even in chronical caſes ; what may not be expected 
from the grand ſecrets of art and nature; when the beſt preparations of the 
nobleſt ſimples ſhall become known to judicious phyſicians, well verſed in the 
theory of medicine, and the hiſtory of diſeaſes ? Riverius was none of the 
greateſt naturaliſts, or chymiſts; yet, how many patients, according to his own 
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account, did his ſpecific relieve from quartans, which might, otherwiſe, hag 


cuating quality, by continual ſtirring it, in a flat glazed earthen veſſel, over 
a fire, till it emits no fumes, and turns of a grey colour, than by ever ſuch 
quantities of cordial liquors or conſerves. And this, as I am credibly inform'd, 
is the Mercurius vite prrgans, ſo —_— mention d by Riuerius. And, tho 
quick-ſilver and antimony are, by the fafe practitioners, eſteem d too churliſh 
to be meddled with ſingle; they may, together, be ſublimed into a cinnabar; 
which being, alone, ſix or ſeven times reſublimed, becomes a ſafe and excel- 
lent alterative. I once knew a particular flight preparation of ſalt of tartar, 
correct ſuch poiſons, as, I am confident, ten times the quantity of the moſt 
powerful yulgar antidotes, would not tame. The ſame ſalt, duly managed, with- 
out proving either emetic or cathartic, has been found more effectual, in many 
ſtubborn caſes, than Crocus metallorum, ¶Mercurius vite, or ſuch deſperate reme- 
dies. *Tis a more remarkable inſtance, to our purpoſe, that chymiſts and phy- 
ſicians have not been able, with all their art, to deprive glaſs of antimony of 


it's emetic quality; yet, this may eaſily be done, only by digeſting it with 
pure ſpirit of vinegar, till the menſtruum be highly tinged. And, if you gent- 
ly that liquor, and digeſt well rectify'd ſpirit of wine upon the remain- 


ing red or yellow powder, you will obtain an excellent tincture againſt ſeveral 
diſeaſes; which, tho Valentine preſcribes only in a doſe of five or fix 
— * yet a domeſtic of mine, out of curioſity, took thirty drops at once, 
Wi finding it emetic. And I would here have it particularly remark'd, 
bare repeated digeſtions and fermentations, ſaline and ſulphureous eſſences, 
N ſmall in bulk, and durable may be prepared, from many vegetables. 

theſe I have kept above three years, and they ſtill retain more of their 


that 
e 
Some 


That the obvious chymical tions may | by digeſtion; rendering gold volatile, and gaining 
pe form much more than is aſially expected * mercury = antimony, by dine 
from them, Dr. Langelot proves, by ſeveral ex- | of trituration, Gr. See Philoſophical Tranſatti- 
np; as the rendering of ſalt of tartar vo- | ond, No. 87, p. $052. 
latile, and diſſolving coral into a red mucilage, | 
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reſpetive plants than the vulgar waters, ſpirits, extracts, or fales hitherto extant 
in the 
And, if wo may believe the 2 chymiſt to the French king, a ſingle 
herb, by pure skill, without the aſſiſtance of fire, may afford a i — 
than any of the elaborate compounds, to be met with among vulgar chymiſts. 
This efficacious part of a plant, Paracelſus calls its Ens primum, whoſe proceſs, 
ſor obtaining whereof, I ſhould never have thought worth trying, but for 
what the experienced chymiſt, above mention'd, told me from his own obſer- 
vations: for he, as well as Paracelſas, aſcribes a renovating power to the Ent pri- 
mum of baulm ; and aſſur d me, in the preſence of a famous phyſician, ro whom 
he appeal'd for the truth of his relation, that an intimate friend of his, b_ 
poſſeſs d of this preparation, made trial thereof, upon himſelf, by taking a ſt 
quantity every morning, in wine, for a fortnight ; long before the end of which 
he found the nails of his fingers and toes to 3 which, at length, falli 
off, inſenſibly, he proceeded no farther; being ſatisfied with theſe tokens which 
he reſerv'd as a-rarity. But upon giving the ſame medicine, for ten or twelve 
days, to a woman, about ſeventy years of age, without acquainting her with 
what he expected therefrom ; it brought her menſes down upon her again fo 
freſh, as to frighten her, and ſtop the proſecution of the experiment. He 
added, that he, alſo, gave ſome drops of it to an old hen, for a week; and a- 
bout the ſixth day after, ſhe began to moult, and continued ſo, gradually, till 
all her feathers dropp'd off; but regain'd new ones in a 2 My au- 
thor, alſo, acknowledg'd, he had obſerved extraordinary virtues in the Ems pri- 
mum of the greater Scrophularia. | 

His method was to collect the plant, at a convenient ſeaſon of the year, 
and proper time of the day, to beat it well in a: ſtone mortar, and place it in 
a bolt-head, and to digeſt it for 40 days in a dung-hill ; after which he opens the 
veſſel, ſeparates the groſſer parts of the liquor, and digeſts it in a gentle bath, 
that the remaining groſsneis may ſubſide ; then filtering the juice, he adds to it 
the fixed ſalt of the groſſer parts, abovemention'd, dry'd and calcin'd. To 
this prepared liquor, he farther puts the liquor of good ſea-falt, purify d, 
melted, and ſuffer d to run per deliquizrmm. Then the whole, ſeal'd up in a con- 
venient glaſs, is expoſed to the ſun, for about ſix weeks; after which there ſwims 
on the top of it the Ens primum of the plant, in a liquid form, tranſparent, 
and either green or red, or, perhaps, of ſome other colour, as the nature of 
the vegetable determines. . 

Helmont, alſo, has a way, which he calls Via media, very different from the 
vulgar one, of preparing Elixir proprieraris, whereto he attributes prodigious ef- 
fets : ſome, indeed, think this method fraudulent ; but, with care, I have 
made it ſucceed. - And the medicine, itſelf, is given with great ſucceſs, in dif- 
ficult caſes, by phyſicians of my acquaintance. | 

And here I cannot but obſerve, from conſidering the various alterations which 
chymiſtry brings upon natural bodies; and the many new properties it, there- 
in, occaſions, that if we want not curioſity and induſtry, there muſt, hence, 
neceſſarily ariſe ſuch a ſer of aRive and powerful medicines, as it were vain 
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to hope for in apothecaries ſhops ; and, conſequently, without any great dif. 


coveries, or farther improvement of principles, chymiſts, ſuch as they now are, 
may greatly add to the pharmaceutical part of — But if the operations 
of chymiſtry were ſtriftly examin d, and thoroughly underſtood, there's no 
queſtion but, by a skilful application, and, eſpecially, by a rational and orderly 
eries thereof, many grand remedies are diſcoverable. Experience has inform d 
me of a way, without any foreign matter, or violent heat, to reduce ſolid a- 
The feerch after nimal ſubſtances, almoſt wholly into a liquor, which, by a gentle fire, affords 
Tae it's ſpirituous and ſaline gon the phlegm. This, I would, in a parti- 
cular manner, inculcate, that were we poſſeſs d of a few, fafe, „ recove- 
rable, and powerful menſtrua, tis not to be known — be done in 
chymiſtry: ſuch, therefore, as would advance chymiſtry, icine, or natural 
N would do well to turn their inquiries this way. | 

An ordinary gold-ſmith can now, with Agua fortis, make many uſeful ex- 
periments upon ſilver and gold, which none of the ſame trade, who liv'd be- 
fore the diſcovery of that menſtruum, were able to do. No wonder, there- 
fore, that Helmont adviſes his readers to learn the volatilization of falt of tartar; 
the ſpirit whereof, he ſays, not only diſſolves crabs-eyes, ſilver, quick-filver, &c. 
but cures many diſeaſes. And by the concurrent teſtimonies of judicious chy- 
miſts, this ſalt is worth labouring to obtain; tho' their attempts have all fallen 
ſhort of it. Notwithſtanding this, I cannot think the thing impoſſible ; for I, 

more than once, with eaſe, render d, even, gold itſelf, volatile, and exhalable, 
in time, by a vehement fire; and have, from crude tartar, mix'd with two or 
three mineral bodies, obtain'd a large quantity of true volatile falt ; which I 
. ſuſpe&t came from the tartar, tho I muſt own, it was rather a volatile ſalt of 
— 2 * of tartar made 5 *. This 2 2 that tartar, 
an management, will yield an uncommon ſalt. » an ingenious 
— of mine, whom, — my great diſtruſt of chymiſts, 
J durſt credit, afhrm'd to me, that he had ſeen a real volatile ſalt of tartar; 
where with ſuch ſtrange things were done, that he believ d moſt of what Fel- 
mant deliver d concerning it. And, I am inclined to think, this ſalt may be 
made by more ways than, one; tho' a [good method to volatilize it ſeems to be 
by ſpirit of wine; the difficulty wherein is, to make them aſſociate. Now I 
have, myſelf, brought ſalt of tartar to flow readily upon a hot iron; to take 
K to flame, and when ſmartly dry d, to diflalve in highly rectify'd ſpivit 
of wine. 

And, tho“ many learned men are pleas d to detetmine what can, and what 
cannot, be obtain d in chymiſtry; no one ſhould be, thereby, diſcouraged 
from ſearching after theſe noble menſtrua. To my knowledge there is now 
in being, a kind of menſtruum, of a pure cryſtalline ſubſtance, made by fire, 


* That judicious chymiſt, M. Hamberg, has ſalt of vitriol, from the Caput mortuum, af- 
diſcover d a way of volatilizing all manner of ter the oil is diſtill'd oft. See Memoir. de I Aca- 
fixed ſalts. This he teaches by an example in dem. A. 1702. p. 66. 
kis proceſs, for making his volatile narcotic | | 
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as truly faline as ſalt of tartar; which, tho? well purified, perfectly volatile, 
and eaſily ſoluble in rectified ſpirit of wine, as well as common water, and 
with either reducible to a noble menſtruum, is yet actually ſweet to the taſt. 
And, notwithſtanding the vulgar ſaline menſtrua, have actions contrary to each 
other, ſo that what an acid one diſſolves, an alkaline, or urinous one, precipi- 
rates; I have found, that a red tincture of glaſs of antimony, drawn with a 
menſtruum much lower than the former, could not be precipitated, either with 
ſpirit of urine, or an alkaline ſolution. Nay more, it readily mixed, both with 
theſe, and, ſtrong acid volatile 1 without the leaſt ebullition, or viſible effect. 


We took ſeveral ounces of highly rectify'd ſpirit of fermented urine, made 13. 


per ſe, and pour'd it upon as much new filings of ſteel, as, we gueſt, would, 


conſiderable part of it. This ſolution we ſet to filter, and found it of a taſt 
conſiderably ſtrong, but very differert from any of the chalybeate preparations, 
we had ſeen made with acids. The liquor being kept in a ſtopt viol, for 
ſome days, near a window, did, in the cold, jer al, b degrees, a conſidera- 
ble 8 of powder, of a deep green colour, tho & liquor itſelf was not 
of that colour ; however, the ſuperficial part of what remain'd in the filtre, 
did, alſo, in the air, turn green. But tho' our ſolution, pour'd off from the 
ſubſided 2 was warily and flowly evaporated, we did not find it would 
well cryſtallize. What uſe may be made, in phyſic, of preparations of this 
kind, 1 leave thoſe of the profeſſion to judge. | 
+ To render ſteel volatile by a menſtruum, not ſo corroſive or dangerous to 
the body, as oil of vitriol, or ſpirit of nitre; I pitch'd upon good ſpirit of 
ſea-falt, and in ſeveral ounces of this liquor, diſſolved, as much as we eaſily 
could, of choice filings of fine ſteel; and having filter'd the green ſolution, we 
very flowly evaporated it in a glaſs veſſel, and took ſuch care not to ſpoil the 
matter, that we had plenty of Ge cryſtals ; moſt of which we put in- 
to a ſmall ſtrong retort, and, by degrees, of fire, and a ſtrong one, at the laſt ; 
we obtain'd many ounces of a liquor that came over in white fumes, like miſts 
driven by the wind, and afforded a ſulphureous ſmell. This liquor we recti- 
fy'd, and had a yellow ponderous ſpirit, that ſeem'd much nearer allied to 

e ſpirit of ſea- ſalt, than to the common oil of vitriol ; eſpecially, ſince being 
mixt with fortis, it would, like ſpirit of ſalt, make it, even without 
heat, diſſolve leaf-gold. | 

But having put into a little of it, already made yellow, by diffolving leaf- 

Id, a very thin plate of gold, the menſtruum made it look all over white, almoſt 
ke filver; which ſeem'd to argue, that this vitriolate liquor differ'd from com- 
mon ſpirit of alt. f 

But the dry part, elevated by the force of the fire, we found to be dif- 
tinguiſhable by irs ſituation, and more durable accidents, into three kinds of 
ſubſtance 3 whereof one was almoſt like a powder, which, after touching the 
air, did, in a while, come to be of a yellow colour, almoſt like ſulphur ; but 
it was not, indeed, truly combuſtible ſulphur. The other ſubſtance * 
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at leaſt, ſuffice to ſatiate it fully. Theſe we put in a moderately warm place, ancommen man- 
where the menſtruum wrought on the metal for ſeveral hours together, and diſſolved a a 
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of larger parts, and was of a colour, between red and brown; But the 
third, which ſeem'd the largeſt of all, was made up of fine parts, bigger than 
the ſormer, of a deep reddiſh colour, and adorn'd with a fine gloſs, like that of ſcales 


of fiſhes. The Cue mortuum was of a ſurprizing texture; for a great 


of it appear'd to be turn'd into a talky ſubſtance, conſiſting of very thin 
broad Lage ſmooth and gloſſy, lying upon, and agginſt one another, like 
thoſe make up JAnſcovy glals, «. the pieces are more thick than 


large. 

eighing two drams of gold, I cauſed it to be cupelled with a ſufficient 
of lead, and quarter'd with refined ſilver, and purged Aqua fortis ; 
en having brought the gold to fuſion, in a new crucible, carefully nealed, 
with the help of any addition; I put to it a ſmall quantity of a powder, com- 
municated to me by a ſtranger; and continuing the metal a quarter of an hour 
in the fire, that the powder might diffuſe itſelf through it; we pour'd the me- 
tal into another crucible, gradually heated before to prevent cracking; where 
it was obſerv'd, at the firſt to look like pure gold ; and, afterwards, like an 
opal, for ſome time; yet, when cold, it appear d to be a lump of metal of a 
dirty colour, and, as it were, over-caſt — 42 thin coat, almoſt like half vi- 
trified litharge. To one fide of the crucible a piece of metal ſtuck, almoſt 
like filver; and the bottom was over-laid with a vitrified ſubſtance, one part 
of which was tranſparent yellow, and the other of a deep brown, in- 
clining to red; in which were five or ſix little globules, that look'd like im- 
pure filver. Having rubbed this meral upon a touch-ſtone, between gold and 
filver, the mark it left was more like ſilver than gold. Twas brittle, and 
being knock'd with a hammer, it flew into ſeveral pieces. The inſide reſem- 
bled bell-meral more than gold or ſilver. A dram of it, with about ſix times 
Its ** of lead, being put upon a well nealed cupel, emitted fumes, plenti- 
fully, for an hour and a half; and when the operation was ended, we found the 
cupel ſmooth, intire, and tinged with a fine purpliſh red ; and, beſides the re- 
fin'd gold, there lay upon the cupel ſome dark colour'd recrements, which we 
4 che gon be baſe metal, but not lead. The gold being weigh'd again, had 
loſt ſeven grains in * which was made up by the recrement, whoſe 

weight and fixity were ſurprizing. ; 

The dirty colour d metal, being hydroſtatically weigh'd, inſtead of proving 
nineteen times as heavy as an equal bulk of water, it's proportion was but as 
fifteen, and two thirds to one; whence it appear'd that the gold was really de- 
baſed, ſince it | loſt, conſiderably, of its ſpecific gravity, an eflential pro- 


perty. | 

From hence it appears, that an operation, almoſt as ſtrange as that called pro- 
jection, may ſafely be admitted; ſince this experiment ſhews, that gold, which 
is ſo homogeneous, and the leaſt mutable of metals, may, in a ſhort time, be 


exceeding] „ as to malleableneſs, colour, homogenity, and ſpecific gra- 
vity, by 1 of matter, that this powder tranſmuted 3 chouland 
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T now proceed to ſhew, that chymiſtry and philoſophy, as they ſupply us 7h: <>5mif 


with medicines ; ſo they may alſo greatly improve the met hodus medendi itſelf. Medicine 
is ſo difficult, and ſo many things are neceſſary to a complete skill therein, that tis 

no ſcandal to phyſicians to ſuppoſe it improveable. Hippocrates, ſays Paracelſas, juſt 
complains of the ſhortneſs of life, and the — of his art; and Ceſſus 
ſcruples not to call phyſic a conjectural art. No wonder it ſhould be hard to 
acquire, when the two great inſtruments of diſcovery in all arts, judgment and 
experience, are here, according to Hippocrates, difficult and dangerous. Many 
others, alſo, declare, that the FEculics of becoming a good phyſician, are almoſt 
inſuperable. *Twill, therefore, be the leſs ſurprizing, if we attempt an innova- 
tion in the curative part thereof; eſpecially, ſince I have obſerv'd the method of 
the beſt reputed phyſicians, in England, to be repagnant to each other. It cer- 

tainly deſerves an impartial enquiry, whether the new diſcoveries made in anatom 
and the doctrine of diſeaſes, ought not to alter and correct the old methodus 2 
Be this as it will, the uncommon efficacies of ſome new remedies may ſhorten 
the cures of diſeaſes, by anſwering many intentions at once. Thus the ſimple, 
I formerly mention'd, cured the king's-evil, without any other aſſiſtance; and 
thus phlebotomy is a remedy for the pleuriſy : tho' we have known it cured, 
even in young perſons, by chymical medicines alone. The rickets, ſuppoſed a 
new, and almoſt incurable diſeaſe, now commonly yields to Ens Venerit; tho' its 
operation be ſcarce ſenſible ; bating, that ar firſt it often proves diaphoretic. This 
gentle property, methinks, might lead phyſicians to conſider, whether they cou d 
not A relieve their patients, without thoſe large and troubleſom evacua- 
tions they uſually preſcribe. For, the peccant matter is commonly ſmall in quan- 
tity, and might, were we maſters of ſpecific remedies, be either breath'd our by 
inſenſible perſpiration, or carried off by ſweat or urine; without cauſing farther 
uneaſineſs to the patient. Great cures may be perform'd by bare external ap- 
plications. Learned men aſſure us of the efficacy of the Lapis nephriticus againſt 
the ſtone, being bound upon the writs; and not only Boetins de Boot highly 
prizes it, but the famous Monardes, declares he has ſeen its great effects upon 
perſons of quality; which yet fall ſhort of what the learned Dun ⁊erus tells us 
about it. We muſt own, however, that ſome ſtones, which go under this name, 
have been unſucceſsfully applied in nephritic caſes: but it ſeems, that many of 
them, tho' not ſophiſticated, want this virtue, and are ſcarce, otherwiſe than by 
trial, diſtinguiſhable from thoſe of the good ſort, which are uſually greeniſh. 
Garcias ab Orta mentions a ſtone found in at, called Alaqueca, that wou'd: 
immediately ſtop any hemorrhage: and Monardes relates great virtues of another, 
ainſt hyſterical diſorders. He alſo tells us, upon hisown knowledge, of a blood- 
one, found in New-Spain, that wou'd even ſtop the menſes, by being worn in 
a ring; and Bontins ſays of the Lapis porcinus, that it will cauſe abortion, and 
bring down the menſes, by being held in the hand. Helmont affirms he cou'd 
prepare a metal, whereof a ring being made, and worn, wou'd give inſtant re- 
lief in the hemorrhoids, and abſolutely cure. them in four and twenty hours. 
He likewiſe commends it in ſuffocations of the uterus, &. And if we may 
believe Paracelſus, he had a ring of ſtill more ſurprizing virtue. But to come 
to 
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to other external remedies, Fabritins ab Aquapendente aſſures us, he cured a ſchirrous 
ſpleen, and the dropſy, by a continued uſe of ſponges dipp'd in common lime- 
water; and placed near the part affected. Add to this, the ſtrange cures related 
by Kircher, the like whereto have been confirm'd to me by eye-witneſles thereof, 
concerning the cave, near Rome, wherein the patients being expoſed naked, and 
thrown into a ſweat, either thro fear, or the ſulphureous vapours of the place ; 
are licked well by the ſerpents of the grotta. And do we not often ſee agues 
cured by amulets, and pericarpia? I my ſelf, after the uſual remedies had proved 
ineffectual, was cured of a violent quotidian, by applying to my writs a paſte 
made only of bay-falr, new hops, and blue-currants; which has, - alſo, reliev'd 
many others both of quotidians and tertians; and done good ſervice in continual 
fevers. 

I cannot help wiſhing, that phy ſicians had been more curious, in trying the effects 
of external applications; ſor, the ſubtile effluvia of ſome bodies ſeem, by this means, 
to inſinuate themſclves, without alteration, into the maſs of blood; and to have the 
ſame virtues as the body itſelf internally uſed. Thus it happens in ſome prepa- 
rations of ſulphur; but more manifeſtly in cantharides and quick- ſil ver. I was 
lately told, that by waſhing a child's ſcabby head with a decoction of tobacco, 
he was intoxicated, and made ſick; and that cathartics, externally applied, will 
operate. There are other medicines which, before they get into the blood, re- 
ceive great alterations from the ſtomach, &c. and may re have different 
effects, when externally applied. Thus it happens in the juſt mention'd inſtance, 
tho” neither the hops, bay-falt, or currants, taken inwardly, are noted for an 
febrifugal virtue. So likewiſe turpentine and ſoot are 8 preſcribed in ne- 
phritic and pleuritic caſes; but externally, in pericarpia, againſt agues: and yar- 
row, beſides its other virtues, being worn in a bag, on the pit of the ſtomach, 
was the grand ſecret of a curious nobleman, in the ſame diſtemper. A very fa- 
mous phyſician, alſo, aſſured me he had uſed it in the like caſes, with 
ſucceſs. The chilblains, when they come to break, have been often cured by 
barely ſtrewing thereon powder of dried quinces. And who knows what effects 
other bodies, outwardly uſed, may produce, were experiments properly made to 
diſcover them? The internal operations of ſomethings, are directly contrary to their 
external. Spirit of wine, applied outwardly, allays inflammations on the ſurface 
of the body; which, if it were drank, wou'd inflame: and the poiſonous juice 
of the root mandihoca, Piſs tells us, is good for ſore eyes. Beſides, were the 
ſimples, deſign d for external application, skilfully prepared, it might greatly im- 

ove their operations. Vitriol, which is copper, or iron, corroded and fix d 

acid ſalts, has virtues not to be found in thoſe metals when crude. Gold 
diſſolved in Agua regis, and precipitated by oil of tartar, is, taken at the month, 
a gentle | tive; but the fame preparation, calcined with flowers of ſulphur, 
becomes uphoreic And tho' the external virtues of this medicine be not much 
commended, tis probable they are very great, and different from thoſe it has when 
uſed internally. I knew a perſon greatly afflicted with ulcerated hemorrhoids, 
who applied thereto an ointment, that chiefly conſiſted of this Aurum filminans ; 
and tho” at firſt it occaſion d exceſſive pain; that ſoon abated, the hemorrhoids 
| PIE Yo 
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doſed the day after, and totally diſappear d on the following; nor has he now, 
for ſeveral years, had any relapſe. The phyſician, who — directed this, 
aſſured me, he had found ſtrange effects therefrom in venereal ulcers. The 
phlegm of vitriol, and Saccharwm Saturni, which, given internally, are ſaid to cool 
the blood; and externally applied, ro cure burns and inflammatory tumors, do 
both, nevertheleſs, diſcuſs cold ſwellings. 

A famous chymical writer aſſured me, his child was ſo ſtrangely and deſperately 
affected, that he concluded him bewitch'd ; but upon ſuſpending the Electrum mi- 
nerale immaturum Paracel/i about the child's neck, fo as to touch the pit of his ſto- 
mach, he immediately went to reſt, which he had not done for many days be- 
fore; and, waking, cry'd for the breaſt, and, from that time, ſuddenly and ſur- 

rizingly recovered. I am not forward to credit relations about witchcraft; but 
bh what will be the diſtemper here, tis plain that a cure of a bad caſe was ſoon 
perform'd by the external application, even of a mineral ſubſtance. 

Boetins de Boot records ſome very remarkable effects of the blood-red jaſper- 
ſtone. © Tho' I am not fond,” ſays he, © of attributing extraordinary virtues to 
60 uk yet am I an eye-witneſs ro ſome ſtrange effects of the jaſper. A maid 
« having her menſes continue ſo obſtinately, for ſome days, that nothing cou'd put 
« a ſtop thereto; I order'd her to bind a red unpoliſh'd one to her thigh, which 
« immediately cured her. Another perſon, receiving a wound in his foot, there 
« enſued ſuch an hemorrhage as we cou'd by no means reſtrain, till this ſtone 
« was applied; which inſtantly ſtopp'd ir, tho the wound remain'd uncover d.“ 
But the moſt ſurprizing relation he gives us, is concerning the maid at Prague, 
who had a vehement hemorrhage continue upon her, ſeveral times in a week, for 
ſix years together; and no remedies. reliev d her. Our author, therefore, lent 
her an experienc'd jaſper, which when ſhe hung about her neck, the flux of 
blood immediately ceaſed. She afterwards wou'd , out of curiolity, lay aſide 
the ſtone; when, the hemorrhage, in a few weeks, conſtantly return'd ; which ſhe 
as conſtantly ſtopped by putting it on again. At length, however, ſhe was quite 
cured hereby. 

The experienc'd Henricus ab Heer mentions a ſtill more ſurprizing effect of an 
appended remedy, He tells us, that a woman who had, by an unskilful midwife, 
her bladder fo lacerated, that ſhe was ſubject to a perpetual diabetes, found a cure 
by wearing, as a gypſy taught her, a little bag — about her neck, wherein 
was included the powder of a toad burnt alive in a new pot. I the rather men- 
tion this, becauſe the author found the ſame effectual upon a merchant, who was 
left, in a like condition, by an unskilful lithotomiſt ; and becauſe, recommending 
this odd remedy to the tryal of a curious phyſician, he told me, tho' it had failed 
in one or two inſtances, it had ſucceeded in two or three. He added, that in 
one, whoſe diſtemper proceeded from a dilaceration of the bladder, the remedy 
did ſervice, as long as ſhe wore it about her, and kept it renewing, as its virtue 
diminiſh'd ; but that if ſhe left it off a while, the diſtemper rerurn'd. 

Henricus ab Heer, alſo, tells us of a lady, a patient of his, whom he ſuppoſed 
bewitch'd, and thought incurable, till he met with an unguent, in Carrichter, a 
Durch author, extoll'd for this purpoſe, which proved effectual. I my ſelf have 
met with the preſcription, in this author, ſet down a little different from what I 
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find it in the former. The miſtletow of the hazel, an ingredient herein, which 

Henricus ab Heer found great difficulty in procuring, is not fo ſcarce in England, 
being very green and extremely bitter; I, therefore, wiſh thoſe who have oppor. 
tunity, wou d make trial thereof; for beſides the above-mention'd authorities, a 
learned phy ſician highly commended it to the judicious George Honſius. 

Now, tho we ſuppoſe theſe caſes not to be ſupernatural, or the effects of 
witchcraft, there muſt be a wonderful efficacy in an external remedy, to cure, 
by barely anointing the limbs therewith, ſuch radicated diſorders, with their 
horrid train of ſymptoms. *Tis the leſs ſtrange, therefore, what Helmont ſays 
of a plaiſter, wherewith he, infallibly, cured even autumnal quartans, and prevent- 

ed a relapſe, which was compoſed only of a few refolving and abſterſive ingre- 
dients; he adds, indeed, that it ſucceeded more ſlowly in fat perſons. And yet, 
in theſe approved methods of curing diſtempers, there is no ſenfible evacuation 
made of the peccant matter, which, perhaps, {till remains in the body; being only 
deprived of its former qualities, by the effluvia of theſe remedies, and thereby 
rendred ſo far obedient to nature, as to be thrown off, if neceſfary, either by 
Diſeaſe: cured nA ſweat, urine, or inſenſible perſpiration. That a diſeaſe may, ſometimes, ſeem to 
e h 1445+ be removed, whilſt the peccant matter is lodg'd in the body, appears from the 
cure of agues by a ſudden fright; wherein no diſcernible evacuation is made; 
tho' probably ſome change in the fluids, or texture of the morbific matter, be 
thereby occaſion d: this ſeems confirm'd by many inftances already produced. 
I knew a couragious officer in the army, who was ſtrangely fearful of rats; and 
having been long tormented with an obſtinate quartan, he carried it with him 
into | Jos" countries, without finding a cure. Coming at length, by accident, 
into a room, where an huge rat being up in a corner, and cou'd not, otherwiſe, 
eſcape, furiouſly * the gentleman; which put him into ſuch a fright as 
freed him from his diſtemper. Salmuth relates a pleaſant cure, even of the gout, 
by a fright. A gouty perſon having his feet and hands wrapp'd up in a ca- 
taplaſm made of turneps, flower and milk, happen d to be lefr, alone, in his chair, 
when a ſow, invited by the ſcent of the ingredients, came into the room ; and, 
endeavouring to get at the poultis, overthrew the gentleman and his chair ; which 
put him into ſuch a fright, that his pains decreas'd, that very day, and afterwards, 
2 to diminiſh gradually, they at length totally left him, and never re- 
turn d. X 

A woman, of a middle age, told me, that taking her fon, a little boy, whom 
the was dotingly fond of, with her, to a river-ſide; whilſt ſhe was buſy, the 
child ſtole away from her, and walking along the bank, he chanced to fall into 
the river: in the mean time, the mother, miſſing her child, haſtily caſt her eyes 
towards the brink of the river; and, not ſeeing him there, preſently concluded him 
drown'd; and, upon that, was ſtruck with ſo much horrour, that, among other 
miſchieſs, ſhe fell into a dead palſy, of her right arm and hand, which ſtill con- 
tinu'd, notwithſtanding all ſhe cou'd do to remove it. | 
I familiarly knew a gentleman, who, when he was a youth, fell into a violent and 
obſtinate ſciatica, which continu d with him ſo long, as to leave him little hopes of 
relief; but the devotion of his friends cauſed him to be carry d. ſince he could not 
go, to church upon ſundays; and here it happen d, that the town being a _— 

garriſon, 
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garriſon, there was occaſion given to a very hot alarum, that the enemy, bein 

t into the town, was — as the church, to maſſacre all —— 
in it. This ſo amaz d and terriſy d the people, that, in very diſorderly haſte, 
they all ran out of the church, and left my friend in his pew; who, being no 
leſs frighted than the reſt, forgot his diſeaſe, and made a ſhift to get off, and 
follow thoſe who fled ; but it quickly appearing, that the alarum had been ſalſe, 
his friends to think in what a condition they had left him; and haſtening 

back to help him out of the pew, they, to their great ſurprize, found him in 

the way upon his feet, and walking as freely as other men. When he told me 
this ſtory, it was above forty years ſince the thing happen'd; and in all that 
time, he never had one fit of the ſciatica. 

There are various inſtances of great changes produced in the body, when no- 
thing has been receiv'd at the mouth. On the other hand, a good air, alone, 
does frequently, in conſumptions, and other diſeaſes, perform what was, in vain, 
expected from phyfic. Tis pity, our European phy ſicians ſhou'd want the phyſic 
books of China. The famous Jeſuit informs us, that the writings of our 
phyſicians having not yet d China, phyſic is there learnt from their own 
numerous authors. And tho phlebotomy be not — either there or in 
fas and tho they uſe neither cupping, nor iſſues, ſyrups or potions, and nothing 

ſimples; yet phy ſic, ſays our author, is in a very ſtare among them; 
and, accordingly, he gives us ſome conſiderable inſtances of their skill therein. 
'Tis true, their phyſicians are, in point of learning, much inferior to ours; but, 
methinks, tis ſomewhat extraordinary, that in ſo vaſt, civilized and lous a 
country, phyſic ſhou d be ſucceſsfully practiſed, without the uſe of: thoſe eva- 
cuations, which are ſo frequent among us. Tis, alſo, probable, that medicinal 
knowledge is greatly improveable, by more curiouſly Gerin the practice of 
midwives, and barbers, the good women, and empirics, with the reſt of that il - 
literate crue, among our ſelves, who preſume to meddle with phy ſic; as well as 
of the Indians, among whom the generality of men are ſo ignorant, as to live without 
phyſicians. For where phyſic is practiſed without any knowledge of the art, 
many things are raſhly done, which may afford good hints to a judicious ob- 
ſerver. Not to mention, that where phyſicians are illiterate, ſpecifics generally 
flouriſh ; for, ſuch perſons, for want of skill in pharmacy, and knowing how to 
vary their remedies, as circumſtances require, almoſt wholly rely upon ſpecifics ; 
the virtues whereof are uſually more obſervable in their practice, than in that 
of more skilful artiſts; becauſe empirics having their ſole dependance upon theſe, 
they try them to the utmoſt, without mixing, as is too common, other ingre- 
dients therewith ; which, as Galen well obſerves, will render it difficult to de- 
termine what it was, in the compoſition, that did either good or harm. 

Bontins tells us, tis undeſervedly, that the Europeans eſteem the Indians as 
barbarians. He ſays, the moſt unlearned among them have a perfect knowledge 
of plants. Linchoten, alſo, ſays, that the phyſicians of Goa, not only cure thoſe 
of the natives, but the Portugneze themſelves : he adds, that the vice-roy, with 
the arch-biſhop, and all the eccleſiaſtics, put more confidence in theſe, than thoſe 
of their own nation. In confirmation hereof, I might alledge the praftice of 
the uncivilized Iriſb, and ſome other countries, where profeſs d phyſicians are 
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unknown. But, as Celſus ſays, «“ this art is practiſed univerſally, and the moſt 


« jgnorant nations have their plants and remedies for wounds and diſeaſes. I, 
therefore, wiſh, that others would imitate the example of Proſper Alpinus, who 
wrote the Egyptian practice of phyſic; of Bontius, who treated of the Indian, 
and of Piſe, who, lately, gave us the rude method of the Brajlians ; wherein he 
tells us, there are many things, which may inſtru& the moſt learned phyſician ; 
and, according to the ſaying of our great Harvey, © there is no nation fo bar- 
« barous, but, either by accident, or abſolute neceſſity, may find ſomething of 
« uſe ro mankind, whereof the politer nations are ignorant.” Nor ſhould we 
defpiſe remedies found by ignorant people, becauſe they know not our theory of 
phyſic. The empirics, in Ceſſus, wittily faid, “ does reaſon agree with, or 
« does it contradict experience? if the former, tis ſuperfluous ; if the latter, tis 
“ falſe”. Let uſeful remedies come from what quarter ſoever, they are not to 
be rejected; be the ignorance of thofe who preſent them, ever ſo great, or their 

inions ever ſo contrary to ours. © Reaſoning, ſays Cælſuu, has nothing to 
« do with phyſic ; the defenders of oppoſite opinions may cure diſeaſes alike ; and 
« this, becauſe they, therein, follow not their own obſcure hypotheſes, bur expe- 
“ rience, that gave birth to the artꝰ . This paſſage, indeed, aſcribes too little to 
reaſon, yet there is ſomething remarkable in it; eſpecially, if we conſider, that the 
late diſcoveries of the motion of the chyle, and lymphatic juice, hath not yer 
enabled men the better to cure diſeaſes. Anatomicat diſcoveries may, perhaps, 
in time, greatly conduce to improve the curative part of phyſic; yet this ob- 
ſervation may give us a caution againſt relying upon the diſputable opinions of 
phyſicians, ſo far as to contema all the practice that does not ſquare therewith. 
Our author ſays well in this caſe, & diſputation may be here continued for 
“ both ſides of the queſtion, where wit and eloquence, at length, will ca 
it; on the contrary, tis not oratory, but remedies, that cure diſtempers. 
It wou d be tedious here to cite all the authorities I am able, to confirm the efficacy 
of external remedies; there is one, however, that muſt not be omitted: tis in a let- 
ter written from Pera, by Petrus de Oſma to Monardes. © There was an Indian, in 
« the - Poſto, where I reſided, ſeveral years, who cured all diſtempers by the juice 
« of a ſingle plant, rubbed upon the affected parts. By covering his patients up 
& cloſe, he cauſed them to ſweat, when pure blood wou'd flow from the places 
$. whereon the juice was rubbed; this he wiped off with linen, and continued 
the operation, as long as he thought proper; in the mean time ſupporting them 
* with a nouriſhing diet. By this means, many deſperate caſes were cured ; 
« and fo well too, that the patients ſeem'd to be thereby render'd ſtronger and 
younger: but we cou'd not, by all our art, prevail upon him to diſcover to 
cc us the plant. 

There is another fort of external remedy, which pretends to operate in a- ſtill 
more wonderful and extraordinary manner ; whereinto it might be proper, cou'd 
we avoid creduliry, to enquire. And it might, perhaps, deſerve an experiment, 
to ſee Whether ſuch cures, as vulgarly paſs for fabulous or magical, are actually 
perſormable: ſuch are thoſe reporked of the weapon-ſalve, and: ſympathetic pow- 
der, Ce. ſaid by chymiſts to be perform'd, either by magnetiſm or tranſplanta- 
won. Nor is it only by the vulgar that ſuch cures are thought — 
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find them uſed and recommended by many eminent phyſicians. I know not 
what to think of the ſympatheric powder; but a very honeſt gentleman, well 
known to the learned world, by his writings, complaining to me of an ulcer in 
his bladder, which was continually exaſperated by the ſharp medicines he took, 
in hopes to diſſolve a ſtone in that part; I adviſed him to try this powder upon 
ſome of the matter voided with his urine, ſince no danger cou'd attend it. Soon 
after this, I had thanks, for my advice, both from himſelf and his phyſician; for 
he was eaſed of the pain of his ulcer, and fo continued for above a year; how much 
longer I know not. But I lay no ſtreſs upon this, nor the teſtimonies and re- 
lations of Paracelſus, Helmont, Goclenins, Servins, &c. who profeſſedly write in 
defence of the weapon-ſalve; upon account of ſome trials I my ſelf have made, 
both upon that, and the ſympathetic powder; tho? I cannot but ſay, I have ſome- 
times found them available; and ſeen ſomething follow upon the uſe of the lat- 
ter that inclin'd me to think it might, ſometimes, perform cures. But to produce 
leſs exceptionable authorities. Dominicus Panarola tells us, „ wonders are, every 
« day, diſcover'd in phyſic ; which confirm what Servius delivers of the weapon- 
« falve: that the menſes are ſtopp'd by a rag dipp d in the matter excreted, and 
6 _ under hot aſhes, has been frequently experienced; and Caſtellus declared 
« he had found, that if the hemorrhoids were touched with the bulbous root 
« of chondrilla, they dried away, if the root were dried, but rotted if that rotted; 
« for which reaſon, after being thus uſed, it was put to wither in a chimney,” 
The learned Salmuth gives us an example of a violent pain, in the arm, removed 
by tranſplantation. The way was this : red coral, beat up with oaken leaves, were 
kept to the part affected till ſuppuration; then, in the morning, this mixture 
was put into a hole, bored with an auger, into the root of an oak, on the eaſt 
ſide thereof, the hole being ſtopped up with a peg, made of the ſame tree; 
and from that time, the pain entirely ceaſed; but upon taking out the amulet, it 
return d ſharper than before. A great lady, far from being credulous, confeſs d 
to me, as did alſo ſome of her ſervants, that, with the common remedy of aſh 
aſhes, ſorm'd by warm urine, into ſeven or nine cakes, and buried for ſome days 
in a dunghil}, ſhe was cured of the yellow-jaundice, after paſſing through a tedi- 
ous courſe of phy ſic, in vain preſcribed her for it, by the moſt famous phy ſician 
in England; and afterwards, relapſing into the fame diſeaſe, it was again removed 
by the ſame means. A phyfician, alſo, told me, that having been long afflifted 
with an obſtinate maraſmus, which prevailed upon him in ſpite of all the reme- 
dies he cou'd uſe; at length, he reſolved to try a ſympathetic, which I have found 
in Hartman. He boiled an egg, till *twas hard, in his own warm urine, and with 
a bodkin perforating the ſhell, in many places, he buried it in an ant-hill, where, 
as the emmets devoured it, he found his diſtemper leſſen, and his ſtrength encreaſe; 
fo that at the time he related this, he thought himſelf well. Riverins tells us, 
that the daughter of a great officer in France was exceſſively tormented with a 
whitlow, ſor four days together; for which he order'd her finger to be put into 
a cat's. car; and, within two hours after, ſhe was freed from her pain, and the 
whole hand, which was tumificd, came to its natural fize,. excepy the finger. 
The ſame author relates, that a counf.llor's wife, after being four days torment- 
ed with the like, was cured by the ſame remedy , within a quarter * an 
urs 
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hour. *T was remarkable, that, in both theſe caſes, the cats gave ſuch manifeſt 
ſigns of pain, that Riverins thought they attracted the morbific matter of the pa. 
tients. But Peter Boreili declares, that even the pain of the gout is greatly eaſed 
by admitting whelps to lie, in the ſame bed, with the perſon afflicted; and affirms, 
they thereby contract the diſtemper, ſo far as to go lame. Perhaps, this author 
was induced to write thus from the report, that Fludd, the chymiſt, had by this 
means tranſplanted the gout from one of his patients; the dog being afterwards 
ſubject to ſuch periodical firs, as formerly afflicted his maſter. 
Diſcourſing upon this ſubject, lately, with a judicious perſon, well skill d in 
hyſic, and made eminent by his learned writings, he acquainted me with a cure, 
tranſplantation, perform'd on the ſon of one who uſed to make chymical veſ- 
ſels for me. The obſervation being conſiderable, and to avoid miſtakes, I de- 


fired it in writing, which he gave me as follows. NV. N. of N. Potter, had 


cc A ſon, who was long ſick of the king's-evil, which ſwelled much, and broke 
ce into ſores at laſt, which he cou'd by no ordinary means heal. The old man 
cc had then a dog, which took an uſe of licking the ſores; which the dog con- 
ce rinued fo long, till he waſted the very kernels of ulcers that were knit in with 


« the veins, and perfectly cured the fore; but had the ſwelling tranſplanted to 


ce himſelf, ſo that he had, thereupon, a great ſwelling, that aroſe and continued in 
ce his throat. The lad was thereby freed, ſo continued to be till 1660, and, 
« for ought I know, is ſo this day. This I ſaw, being there at that time, to 
«« view the clayes, and beſpeak retorts of the old man. 

And Barthalin relates, that a dog, having relieved his uncle from the colic, 
by being placed upon his belly, afterwards vomited violently. He adds, that 
a ſervant of the fame perſon, having the tooth-ach, - found cafe by apply- 
ing the ſame dog to her cheeks, whilſt he diſcover'd manifeſt ſigns of pain; 
and, alſo, that the ſecretary found the like ſucceſs, in a ſwell'd neck. Nay, Sir 
Francis Bacon, himſelf, ſolemnly: records the manner how he was freed from a 
great number of warts, by a piece of lard with the skin on, which, after hav- 
ing rubb'd upon them, he expoſed, out of a ſouth window, to putrefy. 
And, therefore, tho' the vanity and ſuperſtition of thoſe who treat of mag- 
netic remedies, together with the impertinent circumſtances uſually preſcribed, a- 
long with them, do uſually, with juſtice, render them —_— by ſober men; 
yet the inſtances here 3 whereto others might, alſo, be added, join'd 
to the teſtimonies of chan and others, who either perform'd, or were eye- 
witneſſes of ſuch cures, it ſeems proper, that farther experiments, of this kind, 


| ſhould be rigorouſly made. I cannot but commend the curioſity of Dr. Har- 


» who did not ſcruple to try, frequently, the experiment, mention'd by Hel- 
ab of holding the band ofa — dead of a — diſeaſe, upon — 
or excreſcences, in order to cure them; which, the Dr. told me, he had, 
ſometimes, found inſignificant, but often effectual. Nor, if a ſingle experiment, 
of this kind, fails, does it follow, that it ought to be totally rejected; becauſe, 
if they ſometimes ſucceed, that ſufficiently ſhews there are medicines, in na- 


ture, which operate after that extraordinary manner. And why ſhould we we ex- 


that remedies which operate, at a diſtance, or only by their efluvia, muſt be more 


. infallible than thoſe taken in at the mouth? If rhubarb be an excellent medicine 
in diarrheas, notwithſtanding the uſe whereof, vaſt numbers are daily ſwept a- 


way 
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way in Ireland by that diſtemper ; if mercury be effectual in venereal caſes, tho, 
cu to Fe neling HMontanns, and others, it' ſeldom cures them; and, laſt- 
ly, if diaphoretics are juſtly eſteem'd by phyſicians, tho few, if any of them, 
will lor ſweat in all bodies; why may not, remedies, which operate, 
as it were, by emanation, deſerve the names of medicines, if they, ſometimes» 
5 ſucceed ; and be try'd as ſuch, when they are ſo exceeding fafe 
and innocent 
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But it may here be demanded, how a naturaliſt can contribute to advance nne, — 
theſe methods of cure, without evacuations ? I anſwer, tis no new _ for brates — 


naturaliſts, who are no profeſs'd phyſicians, to treat of this ſubject; 
they may afford good hints to one who is; not only, by the ways already men- 
tion'd, but, alſo, by trying, upon brutes, variety of unexperienced medicines, 
and communicating the ſucceſs thereof. Periculum faciendum eſt in vili anima ; 
we may, therefore, inflict wounds upon dogs and: monkeys, and give them poi- 
ſons, {ly to try the efficacy of the weapon-ſalve, and ſympathy-powder. 
And ſome of my freinds aſſure me, they have cured lame horſes, by ſticking the 
nails, that did the hurt, into the weapon- ſalve; which they carry about them, for 
that purpoſe. When cattle are afflicted with the turning-evil, or ſturdy ; a diſeaſe 
that cauſes them' to turn, frequently, round in the fame place; the common reme- 
dy in England, is to throw the beaſt down and bind him ; then to open his 
Skull, and take out a little bladder, which, uſually, lies near the membranes of 
the brain, fill'd with water and blood; and then gradually heal up the wound. 
And this method is much commended by our rienced Adarbham. In 
goats, likewiſe, which are ſubje& to the dropſy, the husband-men make a flir 
under the ſhoulder, and let out the water. Various other hazardous operations 
in chirurgery, as arteriotomy, the extirpation of the ſpleen, &c. either were, 
or ought to have been, firſt practiſed upon brutes ; and by proceeding, in this 
manner, 'tis probable, that many uſeful diſcoveries may be made in chirurgery. 
To paſs by the known practice of ſpaying ſwine and bitches; ſome experienc'd 
ſhepherds have a particular way of caſtrating male ſheep, eſpecially, when grown 
ſo old, that the common method is unſafe. The operation is call'd ſwigging ; 
and they perform it by throwing the creature on his back; in which poſture 
he is held by a my man, while another draws a ſtring, as right as poſſible, 
about the teſticles; fixing it there, they anoint the part with freſh butter, 
and leave the ram to feed; and in two or three days the teſticles grow fo rot- 
ten, as to fall off with the ſtring, or to be pluck'd away by a ſmall force. 
From the practice of farriers, ſhepherds, and graziers, many things may be 
drawn to enrich, or illuſtrate, the methods of cure in human bodies; for their 
ignorance and credulity, with the meanneſs of the creatures they practiſe upon, lead 
them, to venture, in horſes and cattle, what phy ficians dare not upon men and 
women. Some of theſe extravagant experiments 14 however, ſucceeded fo well, as 
to deſerve the conſideration of the moſt skilful phy ſicians. And, methinks, 
ſome of them might, without any difgrace to their profeſſion, oblige the world 
by collecting and digeſting all the approv'd experience of farriers, graziers, 
butchers, and the like. The ancients did not deſpiſe ſuch an employment, but 
honow's it with the titles 77ippiuirica and Veterinaria. To give one example = 


that 
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the ſervice this might do to the art of healing, I chuſe to inſtance in the cure of 
the ſtaggers in horſes, by bleeding. I have ſeen a coach-horſe ready to drop 
down dead, of this diſeaſe, on the road; but upon well rubbing his gums, 
with the coach-whip, till they bled, he was inſtantly relieved, enabled to 
perform his journey. 

We muſt next obſerve, that phyſic anciently belong'd to the naturaliſt, ac- 
cording to that remarkable 3 of Celſus: e phy ſic, ſays he, was originally 
« eſteem'd a part of philoſophy; and the cure of diſeaſes grew up with the ſtudy 
cc of nature: indeed, the naturaliſts ſtood moſt in need of it, who exhauſted 
ce their vigour in lucubrations. He adds, that many r were, alſo, 
phyſicians; and that Hippocrates was the firſt who made a diſtinction between 
them. And this we ſuppoſe a ſufficient apology for the preſent diſcourſe. 

Now the reaſon why phyſicians reject, or deride the uſe of ſpecifics, be- 
ing becauſe they ſeem to operate in a ſecret and unknown manner, and not b 
viſibly evacuating the peccant matter; a naturaliſt may remove this objection, 
by ſhewing, that there are ſimilar effects in nature; and, conſequently, that 
theſe ought not to be rejected, as impoſſible. *Tis certain, that the ſchool-philo- 
ſophy does great diſſervice to phyſicians, by leading them into groſs concep- 
tions of nature's manner of working; and hence it is, that many learned men, 
among them, never expect any great effects from remedies that fall not under 
the ſenſes, nor evacuate any ſenſible matter ; whereas very great alterations may 
be wrought in a body, eſpecially, if fluid, by the inteſtine motion, alone, of 
the parts. How much an imperceptible avolation of a few ſubtile parts of a 
liquor can alter it s nature, we may gueſs by the obvious change of wine into 
vinegar. In England, indeed, by reaſon of the coldneſs of the climate, this de- 

eration is not ſo ſudden as in hotter countries: but in Braſil, Piſo informs us, 

t the expreſs'd juice of the ſugar-cane, which, by coction, would ſoon be 
brought to ſugar, will, of itſelf, keep ſweet but four and twenty hours, when 
it begins to grow ſour, and become unfit for that purpoſe, but proper for vi- 
negar. The ſame thing is, alſo, confirm'd, by travellers, of ſome other liquors 
in the Weſt-Indies. But Linſchoten tells us, of a much more ſudden change in 
the Eaſt-Indies. The ſura, or juice of the coco- tree, ſays he, © if it ſtand but 
& an hour in the ſun, becomes very good vinegar, and the Indians uſe no o- 
ce ther”. That noxious liquors, (and why not peccant matter in the body?) 
in like manner, change their nature, appears from what we formerly obſerved of 
the juice of mandihoca; which, tho' poiſonous when firſt expreſs'd, purges it- 
ſelf, in a few hours, and becomes wholeſom. That the bare admiſſion of ſome 


ſubtile and inviſible matter, may raiſe ſuch inteſtine commotions in fluids, ap- 


pers from the frequent ſouring, or ſpoiling of liquors by thunder : and, ar 
Geneva, I remember, the inhabitants complain'd, that much of their wine was 
turned ſour by an earth-quake. 

That ſuch inviſible corpuſcles may fly from amulets, or other external reme- 
dies, into the blood and juices; and there produce conſiderable changes, will 
not appear ſtrange to him who conſiders, according to Hippocrates, how perſpi- 
rable a living body is; and that vegetable and animal ſubſtances may well have 
ſuch exhalations, ſince, even, minerals are not without them. Sulphur, and am- 


ber 


The. Uſefiutieſs of Philoſophy. 


ber are made, by friction, to ofhit odorable ſteams; glaſs of antimony; and 
Crocus metallorum, impart an emetic quality to fluids, without ſenſibly loſing 


of their bulk and weight; and quick-filver, in the ſame manner, communicates 


the virtue of deſtroying worms, to wine or water, by being only ſhook with 
them. I have wonder'd how, many learned phyſicians, among the moderns, 

| al the chymiſts, 
operations of this nature; ſince Galen himſelf, 


either out of an affected —_— or, perhaps, animoſity, agai 
could expreſs a contempt of all | 

not only confirms, the like doctrine by his reaſons and authority, but de- 
livers a ſurprizing example thereof, in piony-root ; which he, by repeated ex- 
periments, ſatisfied - himſelf, cured a lad of an epilepſy, by being hung about his 
neck; for the diſtemper; return'd if this were taken off And this effect he 
accounts for from the effluvia of the root. Nay, to me it ſeems not im- 


poſſible, that inviſible bodies, by paſſing thro* more groſs ones, ſhould ſo far 


change the motion, or arrangement of their as to uce laſting altera- 
Fs in their textures; for the fluid doch or guck. ver has, — 
without any ſenſible increaſe of bulk, been ſo ulated by a metalline exha- 
lation, that it might be cut like lead; and this ſolidity it will retain, till it be, 
by ſome art, reduced to it's priſtine fluidity. One might be induced to think, 
that iron has a permanent alteration made in it's texture, by holding a needle, 
longs near the pole of a vigorous load-ſtone; whereby the tic efluvia will 
ſo diſpoſe the parts of the neareſt extremity, as to admit the s which come 
from one of the poles of the ſtone; whilſt, by holding it to the _—_ pole 
of the fame, the texture of the needle will, preſently, be quite otherwiſe diſ- 
poſed : and, by changing the poles of load-ſtone , we have made it appear, 
that ſuch alterations are poſſible in ſtones. Iron may, by different manage- 
ment after tis heated, be render d either ſoft or brittle : and 'tis obſerved, 2 
laſs acquires a more, or leſs brittle texture, according as it is baked ; for if glaſ - 
15 are carried into the open air, immediately after they are blown, and not 
ſet to cool, gradually, in an oven, they become brittle, and wy apt to break: 
and whatever be the cauſe of this, *tis'evidently no groſs, or viſible matte. 
That in a human body, likewiſe, great changes may be made by very ſub- 
tile effluvia, _ from other things, as = wk external remedies. [Thus 
ſome are purged by the bare ſcent” of à potion ; as the phyſician of Plymonth 
aſſured me from his o] obſervation : and Salmath gives us an inſtance, where 
one, in this manner, operated better upon a young. gentlewoman, than it did 
upon her ſiſter who took it. The ſame author ſays, that Dr. Pfeil, when 
he wanted a purge, would go into the apothecary's ſhop, where purging electua- 
ries were preparing, the ſcent whereof would work as well with him, as a doſe 
of the medicine*. Henricus ab Heer tells us of a woman who uſed ord un. 
herſelf with beef-broth ; but, having broke her leg, "uſed no other: 
than the ſcent of it. Foſephns Acoſta relates, that the air, along the ridge of the 


M. Lemery ſays, he was acquainted with| by, in a moſt violent manner, both- upwards 
two perſons, who, ſtsying four or five hours, and downwards, Hiſt. de P Academ. A. 1695. 
ina mo ſeaſon, where there was a large quan- p. 69. 1 | 

tity of damask-roſes, they were purged | "7 ' 
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r has, for five hundred leagues, ſuch ſtrange 
0 that, tho he went well prepared to withſtand it, yet, approaching the top, 
be was thrown into exceſſive retching and vomiting, even, till he caſt up 
blood. It, likewiſe,'operated, downwards, with ſome of his companions ; and he con- 
tinued, thus, ſick for three or four hours, till he came into a more temperate 
air. A till greater proof of the power that effluvia have upon the body, ari- 
fes from the propagation of infectious diſeaſes. Nor is it a wonder, that ſuch 
inſenſible particles ſhould have ſuch terrible effects - -unbar; bodies, if we conſider 
what alterations may, therein, be produced from the action of the parts upon one ano- 
ther. Several paſſions of the mind are often excited by the bare thoughts of abſent 

In obſtinate grief and melancholy, there is ſuch an alteration made in the 
heart, and, perhaps, ſome other parts, thro* which the blood circulates, that the mo- 
tion of that fluid is diſturbed; and obſtructions, and other diſorders, occaſion d. 
The remembrance of a loathſome potion will, often produce a horror, attended with 
a ſenſible commotion of the whole body, and a kind of convulſion about the 
ſtomach. Shame, we ſee, occaſions the blood to be plentifully thrown into 
the face; as will, alſo, great and ſudden joy. I lately faw the latter paſſion 
do it, in perſons of both ſexes; when, not only their cheeks and fore-heads, 
but, even the neck and ſhoulders of the lady were left died of a red colour, 
Nay, paſſions, not only alter the motion of the fluids in the body ; but, even, 
occaſion the evacuation of ſome of them. Thus grief forces tears. And long- 
ing, in women, may well be ſuppoſed to — — alterations in the body 
of the mother, when it will kave ſuch ſtrange laſting impreſſions upon that 
of the infant; ſince it is her, alone, that has ſuch importunate deſires. 

- There are many inſtances, in . books, to ſhew, that imagination may 

cauſe a diſeaſe, where it is exceſſively fear d; and I myſelf knew a lady who 

had the ſmall-pox by this means. Nor is it, only, in women, that conceit has 

theſe effects. There was an Jriſþ in, in the county of Cork, of a middle 

who coming to ſurrender himſelf to my brother Broghill, at that time com- 

mander of the Engliſh forces there, was inter Rr bel du ii 
eat 


My brother being abſent, the captain was ſo fearful of being put to 


he return d, that it ſoon alter d the colour of his hair. Happening to 
be then at the caſtle, whereto this captain was brought, I found, upon exami- 
nation, that the of his hair was not uniform; but that particular tufts 
and locks thereof, with baſes about an inch in diameter, were, up and down, ſud- 
denly turn'd white, all over, whilſt the reſt remain d of its own reddiſh colour. 
But I muſt not be underſtood to condemn the uſe of evacuating medicines, 
or be thought ſo credulous as to believe all the virtues aſcribed, even by emi- 
nent writers, to ſpecifics; for I have obſerv'd the beſt of theſe remedies to 
fail, where an emetic, or cathartic has not preceded ; unleſs they were of fo ab- 
ſterſive a nature, as, of themſelves, to free the firſt paſſages of thoſe viſcid hu- 
mours that uſually lodge therein, and hinder their efficacy. My deſign is to 
prevent the prejudice propagated by ſome learned, but confident phyſicians, 
who laugh at the mention of ſpecifics, and allow no cures performable, without vi- 
fibly evacuating the peccant matter ; and, alſo, to ſhew, that ſuch of theſe re- 
medies, as men of judgment and credit recommend upon their own experience, 
| ” | arc 
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ire not, without trial, to be rejected, becauſe they occaſion no ſenſible Vacua- 
tion, nor, manifeſtly, diſcover any eminent quality, nor, laſtly, produce any re- 
markable change in an healthful body. For an animated human body is not a 7% nen body + 
rude maſs of hmbs and liquors, but an engine conſiſting of ſeveral parts, har- 2 
moniouſly connected together, and communicating with each other; by #- 
means whereof, a weak impreſſion of adventitious matter, in one part, ſhall 
act upon another, at a diſtance, or, even, upon the whole machine. The 
flight motion of a man's finger upon a ſmall ; of iron, unconnected 
with any engine, would produce no conſiderable effect; but ſuch an action, ap- 
plied to the trigger of a loaded musket, occaſions a ſurprizing ſucceſſion of ac- 
cidents. That a human body is fo framed, as to ſuffer great changes from 
ſeemingly gentle impreſſions of external objects, appears from _ inſtances 
already mention'd. Thus, likewiſe, to go, ſuddenly, into the ſun-ſhine, will, 
ſometimes, inſtantly occaſion that violent motion we call ſneezing. To look 
from a precipice, will make the head giddy ; the ſight of a whirl-pool has cauſed 
men to fall inio it; and to fix the eyes upon the water, beneath a ſhip under 
fail, will prove emetic; as I, for my health's ſake, have, ſometimes, experienced. 
If a perſon be tickliſh, ſtroke the ſole of his foot with a feather, and ir ſhall, 
againſt his will, affect the remote muſcles of his face, and provoke him to 
kughter; as the tickling of a ſtraw in the noſtrils, excites ſneezing. Many 
kinds of a grating noiſe will ſet the teeth on edge; and a ſervant of mine com- 
plain d, that the whetting a knife would make his =_ bleed. Henricus ab 
Heer mentions a lady who would faint at the ſound of a bell, or any loud 
noiſe, even that of ſinging, and lye as if ſhe were dead ; but as ſhe was thorough- 
ly cured by a courſe of paylic it appears, that this diſpoſition proceeded from 
ſome particular texture in her body, with regard to ſounds. One hyſterical 
woman, in fits, ſhall ſoon communicate them to another by aſpet. And, to 
ſhew that diſtemper'd bodies may recieve alterations, while ſound ones remain 
the ſame; we need, only, conſider, that the ſubtile efluvia, which float in the 
air, before any change of weather, are felt by thoſe valetudinarians, who 
have, formerly receiv'd bruiſes, wounds, or other injuries; and that too, 
only, in the very parts where they happen d. Others, we daily ſee, who are 
diſorder d by riding backwards in a coach; and the ſcent of musk, or amber- 
greaſe, tho* grateful to others, will throw hyſterical women into ſtrange con- 
vulſions. Zarurus Luitanus tells us of a fiſher-man, who, having ſpent his life 
at ſea, and coming, accidentally, to the reception of the king of Porimgal, in 
a maritime town, where perfumes were burnt; he was, thereby thrown into a 
; fit, judged 1 by two phyſicians, who treated him accordingly ; till 
| three days after, the king's phyſician, gueſſing the cauſe, order'd him to be re- 
f mov'd to the ſea- ſide, and to be cover d with ſea- weed, which ſoon re- 
: cover'd him. h 
How much an alteration, produced in the body by ſickneſs, may diſpoſe it 

- to receive impreſſions from what would not, otherwiſe, much affect it, may be 
: gueſs'd from the effects of cold liquors thereon, when it is only heated: a man, 

in perfect health, who uſually drinks his liquors cold, may, at that time, by 
. 
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ſtempers, as, did not daily experience convince us, we ſhon'd-think impoſſible to 
be, thereby, occaſion'd, 2 a body free from morbid humours. — 2 informs 
us of ong, who, after vehement exerciſe, drinking a glaſs of very cold water, im- 
mediately, fell into a ſwound and died: yet in bodies otherwiſe diſpoſed, cold 
water has, ſometimes, — good effects; and I know ſome hyſterical ladies who 

find it an excellent remedy. ne | 
But the body is, alſo, as eaſily alterable for the better. The true moſs of a 
human skull, tho” experience will not countenance all that the chymiſts ſay of it, 
proves ſometimes a wonderful ſtyptic. An eminent virtuoſo, with whom I am 
well acquainted, as alſo his phyſician, aſſured me, he finds the effects of this moſs 
fo great upon himſelf, that his arm bleeding again, when tied up after phlebo- 
tomy, he took a little of it into his hand, and the blood immediately ceaſed to 
flow; he, thrice, for experiment's ſake, laid aſide the moſs, when, his arm began 
to bleed again; but upon reſuming thereof, it, each time, preſently, ſtopp d. The 
fume of burnt feathers, or tobacco, blown into the face of hyſterical women, as 
ſuddenly relieves them from their fits, as perfumes occaſion them. A friend of 
mine, a perſon of great veracity, profeſſes, he has cured dyſenteries, by fumi- 
gating the anus, and parts adjacent, with ginger, thrown upon hot embers, and 
receiv d in a convenient poſture, as long as poſſible, without too great faintneſs : 
but a maſter of chymical ſecrets —— or this purpoſe harts-horn ſhavings. 
But if the heat, in this caſe, contributes to the effect, we may reaſonably ſuppoſe, 
that cures are performable by particles more minute than thoſe of ſmoke. And, 
indeed, I know a dextrous goldſmith, who, when he over-heats himſelf, is ſub- 
ject to the gripes; which he, uſually, remedies by fitting, for ſome time, upon a 
heated anvil. Some find more relief in the colic from the ſmoke of tobacco 
reciev d glyſter-wiſe, than by any other phyſic ; and, to my knowledge, ſome 
wealthy perſons, relying hereon, never employ a phyſician for this diſtemper. And 
conſidering what a ſubſtance even common ſoot is, that many things, by be- 
ing reſolved into ſmoke, are more open'd than they wou'd be in the ſtomach; 
that, by this means, the operations of the many emetic and cathartic ſimples 
may be heighten'd; and that, probably, ſome fumes and odours are more powerful 
for not paſſing thro” the mouth; rheſe things conſider'd, I fay, incline me to 
think ſome farther uſe might be made hereof. Not to mention, again, the great 
virtues of ſulphureous ſmoke to preſerve liquors; and that both Paracelſas and 
Helmont, highly extol, as a ſpecific, the warts that grow on horſes legs, againſt the 
fits of the mother; I lately mer with a curious and intelligent perſon, who aſſured 
me, he was, by the ſcurvy and obſtinate ulcers, brought exceeding low, and having, 
in vain, upon that account, undergone ſeveral tedious courſes of phy ſic, he re- 
ſolved againſt them for the future; but lighting on a chirurgeon who had per- 
form'd many extraordinary cures, by a method no way troubleſome, he ſubmitted 
thereto, and was ſoon cured. His method was to fumigate the patient very well, 
every morning, with a powder that appear'd of a vegetable ſubſtance. But as to 
the efficacy of fumes; I have, more than once, recover'd a young lady from 
ſtrange fits, that we judg'd epileptic, by the ſcent of a little vial fill'd with rec- 
tified ſpirit of fal-armoniac, or harts-horn. And another lady, who, tho? ſhe has 
long been ſubject to violent and laſting fits of the head-ach which was, greatly, 
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increaſed by a violent concuſſion, from the overturning of a coach; yet finds pre- 
ſent relief by holding her head over a ſtrong decoction of tea, and breathing the 
ſteams thereof. But there's one thing that ſeems, by no means, ſufficiently at- 
tended to, in Europe; I mean, the conſtant and ſudden ceaſing of the plague, 
how violent ſoever, in that vaſtly populous city Grand Cairo, towards the latter 
end of June; when, in our hemiſphere, it, uſually, ſpreads the faſteſt. The truth 
of this is atteſted by travellers of different nations, as well as Proſper Alpinus, an 
excellent phyſician, who ſpent many years in that country, and gives this account 
of the matter * The plague,” ſays he, “ begins in Cairo, and all the parts of 
Egypt, with September, and continues till June; in all the intermediate months 
« *tis communicated to them, by contagion, from abroad: but in the month of 
« June, let the diſtemper there, rage ever ſo ſeverely, as ſoon as ever the ſun en- 
« ters Cancer, it, perfectly, ceaſes; and what is very ſurprizing, all manner of goods 
ce that were infected thereby, become innocent thro : whole nation, and every 
« thing grows calm and well; only ſporadic diſeaſes, then, ſpring up, which no 
« where appear while the plague rages. And this ſtrange effect he wholly at- 
tributes to an alteration in the air. I deſire this inſtance may be the more par- 
ticularly conſider d, becauſe it greatly confirms and illuſtrates what we have al- 
ready faid concerning the poſſibility of nature's curing diſcaſes, without the help 
of groſs and ſenſible evacuations. 

We may farther obſerve, that the human body is alterable, both for the better 
and worſe, by groſs or mere mechanical motions. Perſons are, often, recover'd 
from fits or {wounding by bare pinching. I, who have gone thro* great and 
dangerous fits of ſickneſs, ſcarce ever found any more violent, for the time, than 
that occaſion'd by the motion and ſcent of a ſhip, together with the air at ſea, 
before I was uſed to navigation; and yet this violent illneſs, as it was cauſed by 
no peccant humour in the body, was quickly removed by a quiet ſhore and change 
of air: and the like is, ſometimes, obſervable upon riding in a coach; which is 
ſoon reliev'd by a ceſſation of the motion thereof. We ſee, in our ſtables, what 
effect the curry-comb has upon horſes. Helmont fays, he could tell, by the taſte 
of the milk, whether the aſs that gave it had been curried that day : but ſuch 
an alteration ſeems to argue a greater in the blood and other principal parts of 
the body. Piſo informs us, that the illiterate Brazilian empirics perform ſurprizing 
things both in the preſervation of health, and the cure of many diſeaſes, by 
their frictions in chronical, and unguents in acute caſes. And as Galen com- 
mends a proper application of cupping-glaſſes in the colic; ſo in Brazil they 
find them very ſucceſsful therein; being chiefly fixed, according to Piſs, on the 
region of the liver. The horrid ſymptoms conſequent upon the bite of a Ta- 
rantula, give way to nothing fo well as muſic, which, by ſome means or other, 
cauſes the patient to leap, dance, and ſwear, till he breathes out the virulent mat- 
ter, that ſeems fitted for expulſion, thro' a change wrought either upon this, or 
the blood, by the muſic ; for ſudorifics and exerciſe, without muſic, are ſo far from 
effecting the cure, that, as Kircher informs us, the magiſtrates of Apulia allow 
public falaries for muſicians, who play to the poor upon this — The 
fame author gives us a remarkable ſtory of a nobleman, who languiſhing under 
a diſtemper, not ſuſpected to proceed from the bite of a Taramula, till he ſeem'd 
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gear the point of death, was, at length, ſuddenly reliev'd, and gradually recover'd 
by — And Epiphanius — Mathiolus, and — 2 — like oy 
lations. Now, that a ſound may powerfully operate upon the blood and ſpirits, 
I my ſelf, who delight in muſic, have often obſerved, upon hearing certain 
notes. This, alſo, ſeems probable, from the effect which, as we formerly ſaid, 
a grating noiſe has upon the teeth and gums; and by the dancing fit in 
the preſent caſe, whereto it is only a particular tune that excites. Nay, Kircher 
farther affirms, that the Tant ul themſelves, as well as the Tarantati, may be made 
to dance, by tunes ſuited to their conſtitutions. Epiphanius Ferdinandns, alſo, 

herein, and tells us of a man ninety four — old, and render d ſo weak, 
that he cou'd hardly walk with the help of a ſtaff, who, being bitten by a 74. 
rantula, immediately, at the ſound of muſic, fell to dancing and capering like a 
kid. He adds, that not only men, in whom much may be attributed to fancy, 
but other animals do the ſame; and inſtances in a waſp, which he ſaw dance 
to muſic, together with the Tarantula that bit him; and alſo in a cock. 

- But, moreover, there are many ſtrange peculiarities in ſome perſons, both in 
ſickneſs and in health. Theſe differences, indeed, between healthy men, may 
not be greater than that obſervable in the ſame perfon, between a ſound and a 
diſtemper'd ſtate; yet we, frequently, ſee, that ſome bodies are ſo framed, as to be 
ſtrangely diſorder d by ſuch things as either not at all, or elſe differently affect 

thoſe of others. Thus, tis common for men to expreſs great uncaſineſs, and 
fall into fits of trembling, at the fight of a car. This was the caſe of the lare 

and noble Ear] of Barrymore, who had the like averſion to tanſey. And 

I my felf cannot behold a ſpider near me, without a great commotion in my 

blood; tho I never —. any hurt from that creature, and have no abhor- 

rence of toads, vipers, or other venemous animals. I alſo know an excellent lady, 

who is remarkable for a ſtrange antipathy to honey. Her phyſician ſuppoſi 

this, in ſome meaſure, imaginary, mixed a little honey in a remedy he Spbel 

to a very {light ſcratch, ſhe happen d to receive on her foot; but he ſoon repent- 

ed of his curioſity, for it cauſed a ſtrange and unexpected diſorder, which ceaſed 
upon the removal of that medicine, and the application of others. The ſame 

excellent perſon complain'd to me, that the vulgar remedies did her no 

ſervice in coughs, wherewith ſhe was troubled, and which nothing reliev'd but 
either the fume of amber, receiv'd by a pipe, with that of proper or, the 

balſam of ſulphur. I know an _— gentlewoman, on whom cinnamon, 

which, generally, is, conſiderably aſtringent and ſtomachic, has a quite contrary 

effect, and this in a ſtrange degree, ſo that having found by two or three ac- 

cidental trials, that a very little cinnamon ſeem'd to diſorder her ſtomach, and 

prove laxative; ſhe, once, reſolved to ſatisfy her ſelf, whether theſe diſcompoſures 

came by chance or no; and having ſtrew'd ſome powder'd cinnamon upon a toaſt, 

ſhe eat it, and was thereby purged, for two days together, with ſuch violence, 

that it cauſed convulſions, and a ſpaſmus, which ſhe continues to be troubled 

with, from time to time, tho' tis pu ſince ſhe made the experiment; as 

was averr'd to me by her husband, a phyſician*. A perſon of quality lately 


On the other hand, M. Lemery tells us, he | chew and ſwallow down four ounces at once, 
knew a chymiſt, who cou d eat Mercuriu i dulcis | without any ſenſible eſſect. Hiſt, de Þ Academ. 
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asked me, — he ſhou'd contin — 2 of coffee as an emetic; becauſe 
he had ſound it very violently with him. Inquiring, particularly, into 
this odd effect, I found, that an ordinary wine-glaſs full 2 
coffee, wou'd, in two hours time, vomit him more ſeverely than the infuſion of 
Crocus metallorum, or other uſual emetics; that this had been, for ſeveral years, his 
conſtant vomit 3 that ſcarce any one was more irkſom, than this, of late, 
rew, to take; ſo that the ſcent of a coffee-houſe wou'd make him ſick; and, 
ly, that he himſelf had formerly uſed it long together for the fumes 
which offended his head, without obſerving any emetic quality therein. The 
writings of ſober phyſicians afford us many other ſtrange inſtances of this 
peculiarity of conſtitutions; and of ſuch as have deſired to eat very extravagant 
and abſurd things, which, tho' they, ſometimes, were directly contrary to their 
diſtempers, have perform'd cures in deſperate caſes. And this appears the more 
probable from what we 3 ſee done by longing women, and virgins in the 
green-ſickneſs. But now, if a human body be ſo framed, as to receive alterati- 
ons from ſuch unlikely things as theſe, why ſhou'd ſpecifics be haſtily con- 
demn'd, which, tho' they operate inſenſibly, come recommended by the expe- 
rience of ſober and credible perſons? That an inconſiderable quantity of matter, 
once admitted into the body, may give a new and unnatural determination to 
the motion of the blood, an alteration to the texture, either of that, or of ſome 
noble part, and as a little leaven, ferment the whole lump, a from the ef- 
ſects of poiſons, which are not IE by thoſe the phyſicians call manifeſt 
ualities. Moſt writers upon poiſons, indeed, ſuppoſing men wou'd rather believe 
— repeat their experiments, have deliver d many things more ſtrange than true; 
yet the known effects of a little opium, or arſenic, the ſcarce diſcernible virus 
emitted by the viper, and the ſmall quantity of the ſaliva of a mad dog, leſs 
than half a grain whereof will deſtroy an ox, abundantly illuſtrate and confirm 
all we have deliver'd, upon the head of ſpecifics. And that a morbid body may 
be, ſometimes, cured with as ſmall'a matter as wou'd diſorder a ſound one, is ma- 
nifeſt from that experiment, common in Itah and elſewhere, of curing the veno- 
mous bite of a ſcorpion, by anointing the tumid part with common oil, wherein 
live ſcorpions have been ſteep d. 55 tells us, that he ſaw an huge over-grown 

toad, ſwell'd with poiſon, and deſperately venomous, that was preſently kill d, b 
a Brazilian, only with dropping on his back, the juice of the plant Nhanby. He 
farther declares, that an infuſion of the root andi reſcu d, to his knowledge, 
many from imminent death, who had eaten ſeveral ſorts of poiſon; and this, after 
the whole tribe of European alexipharmics had proved unſucceſ ful. It may here be 
objected, that my inſtances only reach to poiſons, and their antidotes, not to diſ- 
eaſes, and their ſpecifics. I anſwer, firſt, that ns treat theſe as diſtem- 
pers, and that they, really, are ſo; but heighten'd by a virulent malignity, which 
is not eaſily diſtinguiſhable from them; as appears by the frequent Aura of phy- 
ficians, whether or no their patients died of poifon. Some of the Brazilians, in- 
deed, according to Piſo, are ſo dextrous in mixing their poiſons, as to prevent the 


pernicious effects thereof, for a long time, after they are taken: bur then, their 


uantity is ſo ſmall, in compariſon of the morbific matter of ſurfeits, or other 
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the cure hereof beſt ſerves ro ſhew how powerfully nature may be aſſiſted by re- 
medies, whoſe operation is inſenſible. Secondly, there are many paſſages in the 
preceding diſcourſe, as, particularly, where mention is made of the cure of agues, 
the rickets, and the king s- evil, which ſhew, that common diſeaſes, alſo, are cu- 
rable by ſpecifics. | 

But ſuppoſe, ſay you, a recommended ſpecific ſhou'd appear not only unable 
to cure, but likely to . the diſeaſe? Why then, we mult conſider, tis 
better for the patient to be cured by raſh and imprudent means, than be ſuffer'd 
ro die according to art; and that the phyſician, who loſes his patient, after having 
long ſtruggled to fave him, deſerves more commendation than he who ſhou'd 
chance to cure one by an irrational method. The phyſician ought, therefore, to 
be well ſatisfied of the Frome he goes on, before he ventures upon ſuch a re- 
medy, eſpecially, if he has not tried the more ordinary and un ſuſpected means, 
and found them ineffectual; for tis not one lucky cure that will recommend a 
remedy to a wary phyſician, when the dangerous quality thereof ſeems obvious, 
and its virtues are only known by report. But then, if a phyſician be well 
aſſured of the efficacy of ſuch a remedy, by a variety of trials,, he may, ſurely, 
without raſhneſs, make uſe of it, at leaſt, where ordinary medicines have failed. 

Many reaſons might be produced to enforce this practice. And, firſt, the 
true nature and cauſes of ſeveral diſeaſes, are more unknown to phyſicians, than 
is generally thought; nor is the particular method of cure, thereon depending, 
more ſettled among them. The. generality of phyſicians, I fear, are guided by 
narrow ſcholaſtic principles, not by nature : nor = they, once, well enumera- 
ted and diſtinguiſh'd the ſeveral aſk grable cauſes for the phenomena of diſeaſes ; 
or told us, by how many different ways they, and their ſymptoms, may be re- 
moved. If this were analytically and carefully done, I doubt not but men's 
knowledge in phyſic, would be more extenſive, and effectual, than it is at 
preſent ; and we ſhould, then, find many probable. and promiſing methods of 
cure, which are now overlook d. A phy ſician, indeed, is, ina due ſenſe, the ſer- 
vant of nature; yet, ſuch kind of expreſſions, I ſuſpect, has hinder d the ad- 
vancement of phy ſic, by diverting the minds of men from thinking of thoſe 
methods, "715.4 by powerfully altering the human machine, rectifying the mo- 
tion and texture of it's parts, and accuſtoming it to proper courſes of the blood 
and juices, and time and methods of evacuation, might prevent, or cure ſome ſtub- 
born diſeaſes, more happily than the vulgar means. And, till men have a better know- 
ledge in the principles of natural philoſophy, we muſt not expect a more perfect 
7 comprehenſive theory of phyſic. That the preſent practice often proceeds 
upon a falſe foundation, might be ſhewn in abundance of inſtances ; but I ſhall 
mention, at preſent, only the laſt I met with. An intimate acquaintance of 
mine, having been many months troubled with a difficulty of breathing, was 
unſucceſsfully treated for it, by ſome very eminent phyſicians; till, at length, 
ſuſpecting twas not the lungs, but the nerves of the adjacent parts, that were 
affected, our volatile ſalt was given, which, quickly, relieved him, and he was, 
afterwards convinced, that the lungs were not in fault. | 

As the common method, in ſhort, with the theories founded thereon, is, in 
many caſes, ſo diſputable, that the ſucceſs of a remedy, ſeems to be more pro- 
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bable, than the receiv'd notion of ſome diſeaſes; it were not amiſs, if we con- 
ſider d the ſaying of the old empirics in Ce/ſus. o We don't ſay, that a phyſi- 
« cian ſhou'd act, without reaſon; or, that an irrational creature can practiſe 
« phyſic : but that conjectural hypotheſes, about obſcure things, belong not to 
« jt: for the queſtion is not, what cauſes, but what cures, a diſtemper.” And, 
as the proper method is not agreed upon, in the ſchools; ſo many, who are 
perfect ſtrangers to them, by means of ſpecifics, their own experience, and 
common ſenſe, perform conſiderable cures. Piſo gives the following teſtimony 
of the utterly unlearn'd Brazilian empirics. * The more elderly, and expe- 
« rjenc'd, among them,” ſays he, © are, excellently, skill'd in botany, and phar- 
« macy; by which means, they eaſily prepare- all kinds of remedies fron. what 
« they find in the woods; and theſe they apply both exrernally, and internally, 
« but eſpecially in diſtempers occaſion'd by poiſon, with ſo great ſagacity, that 
« it is ſafer falling into their hands, than into the hands of our raw phyſicians, 
« who are, perpetually, boaſting of their education, and ſecrets.” 

A phyſician, who practiſed, with great ſucceſs, in Dublin, whilſt new and 
violent fevers raged there, whereof multitudes died, and very few recover'd; 
happily hit upon a method that proved very proſperous; whereof he gave me 
the following account by letter: which may, perhaps, afford good hints towards 
the cure of ſome other ill-condition'd fevers. 


Dublin, Feb. 27. 1682. 


4 Have employ d Exs Veneris, for the removal of a Subſaltus Tendinum, in a per- 
60 I ſon dangerouſly ſick of a Febris Perechialis, (a diſeaſe fatal to very many, 
« here, for theſe twelve or fourteen months; ) and found. that it anſwer'd my 
c hopes, in three or four hours after I gave it, in conſerve of borage flowers. 

& I have thought of a method of curing the aforeſaid fever, which has not 
& once fail'd me; tho I made uſe of it for ſixteen or eighteen ſeveral perſons ; 
« many of which, would, certainly, have died, if treated, after the uſual manner, 
cin this caſe. When firſt I come to any ſick of this diſeaſe, if I find them 
« coſtive, (as, generally, they are,) I preſcribe a glyſter, and, after that, a large 
« bliſtering plaiſter, berween the ſhoulders; the bliſter being well rais'd, and care- 
« fully dreſs d, ſtripping off the cuticula, continues running till the fever is gone 
« off; which happens, moſt commonly, in ten or twelve days, if they have 
« not kept up too long with it; for then we cannot, certainly, foretel the rime 
« of the fever's declination. For the whole time, till the going off of the fever, 
« I preſcribe emulſions of Ag. Aronis, Card. Bened. Citrij totins, & 1 Gra- 
« natorum, cum Aceto; I allow of orange, and butter-milk poſſets, of roaſted 
ce apples, flummery, or any other light, and cooling thing, they call for. 

% By this method, I keep the Genus Nervoſum, and brain, from being af- 
c fected, and, conſequently, ſecure my patients; for, as many as I have ever 
« known of them die, in this diſeaſe, died of a diſorder of thoſe parts. I do 
« not defer the bliſtering plaiſters, till I find my patients delirious, lethargic, 


cc convulſive, or otherwiſe affected in their heads, and nerves; finding, by the 


« experience of others, that, then, they, moſt commonly prove ineffectual, be- 
Vol. I. O « cauſe 
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6 cauſe of ſome morbific matter too deeply lodg d in theſe parts, I do not pre- 
& ſcribe, except upon ſome extraordinary occaſions, any volatile ſalts, or ſpirits, 
cc or any thing too apt to quicken the circulation of the blood, which is already 
« too great; having, experimentally, learn'd, that by theſe, often us'd, the brain, 
* and nerves, become, ſooner than ordinary, affected; for, they deeply inſi- 
ce nuate themſelves, and drive, with them, ſome morbific matter into the brain, 
&« and nerves. I find bleeding bad; being generally fatal. If I doubt of the re- 
cc covery of any of my patients, in this — tis, only, when I find they 
c have been let blood, or lain for eight or nine days before I come to them; 
c tho I have recover'd even perſons in thoſe circumſtances.” 


Medicines, appa- Secondly, there are many medicines endow'd with a quality, apt to encreaſe the 
rently oppy/te ts diſeaſe wherein they are preſcribed, whoſe uſe is yet approved of by the moſt judici- 


diſeaſe, may care 
Is 


ous phyſicians, becauſe they poſſeſs others which produce ſuperior good effects. 
Thus, in a malignant fever, Yenice-treacle, and other hot ſudorifics, are order'd, 
ſince they relieve the patient more, by ſome other means, than an encreaſe of 
heat, for a ſeaſon, can prejudice him. Bontius, for the ſpaſmus, which he reckons 
endemial in the E. Indies, commends the uſe of Quercetans Laudanum, of Philo- 
nium, and, particularly, of an extract of opium, and ſaffron; and, to prevent any 
prejudice againſt the uſe hereof, he adds, that, < an unexperienced practitioner might, 
cc here, refuſe to preſcribe theſe medicines, becauſe of the ſuppoſed benumbing 
ce quality of the opium; but the exceſſive heat of the climate,” ſays he, © re- 
« quires it; and, beſides, we find it the only cure, in this caſe. But, opium, in 
cc theſe parts, 1s ſo prepared, that it may, lately, be given to infants; and, then, 
« tis fo uſeful, that, tho' it may ſeem ſurprizing, we can do nothing in hot 
« diſeaſes without it.” The uſe of cold water is, commonly, forbid in a dropſy; 
yet the is famed for curing that — And, I know a perſon of 
great quality, who, in a caſe complicated with this, in a great degree, being 
thought incurable by her phyſician, ſurprizingly recover'd upon drinking the 
waters of Tunbridge. So hot a wood as guaiacum, is, I believe, rp 4 thought 
a dangerous medicine in a phthiſis; yer ſome eminent phyſicians, and, particu- | 
larly the Spaniſh, relate wonderful cures, perſorm'd by the continued uſe of a 
decoction thereof, in deſperate ulcers of the And a very learned phy- 
fician of my acquaintance, confirms this to me, from his own experience, 
in conſumptions. Mercury is thought prejudicial to the nerves, and brain; yer, 
one of the happieſt phyſicians I know, owns, that he, very ſucceſsfully, uſes 
preparations thereof in the palſy, and ſimilar caſes. And, I remember a gentle- 
woman, confin d to her bed, with the palſy on one ſide, upon taking a doſe of 
a mercurial preparation, corrected with gold, which I gave her eminent phyſician, 
for that purpoſe, tho it only purged Go gently, was enabled, the day follow- 
ing, to walk about the room. 


Thirdly, many things that ſeem, when firſt ed, to be con to rea- 
ſon, are, 3 fond very conſiſtent —_—— There are — ſubſtan- 
ces, which, tho”. they appear fimilar, or homogeneal, are endow'd with diffe- 
rent, or contrary, qualities; as we ſee, not only from a chymical analyſis of 
bodies; bur, alſo, where no fire is applied. Thus, rhubarb, being taken * ſub- 
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ſtance, the ſubtile part thereof proves purgative, and the terreſtrial aſtringent. 
Nay, if the parts, which have the leaſt ſhare in the conſtitution of the whole 
concrete, happen to meet with a body diſpoſed to receive their impreſſions; tis 
very poſſible, they may operate more ſtrongly thereon, than thoſe whereof the 
e judges it alrogether to conſiſt. And this I have made appear, by ſhewing, 
that ſallet-· oil, which is thought to conſiſt of fat, and unctuous particles, contains, 
alſo, ſome that are ſharp and corroſive, which, happening on a proper ſubject, 
operate more powerfully than the former. For, keeping ſome pure olive-oil, a 
{mall time, upon filings of crude copper, in a _ eat, the liquor extracted a 
high tincture, between green and blue; which, therefore, diſſolved ſome 
of the copper; as farther appears, from the recoverableneſs of the metal out of it. 
But to proceed; an ingenious chymiſt, whom I adviſed to bleed for a pleuriſy, 
which he refuſed to do, cured himſelf, only by Helmont s laudanum, in two or three 
days: and by this means, he, alſo, ſince that time, cured ſome others, without 


phlebotomy. I am the leſs ſurpriz'd hereat, becauſe I have found, that, opium, 


duly corrected, is a great reſolver, and, ſometimes, proves ſudorific : nay, I, once, 
knew it do ſo, when other medicines, of that intention, fail'd. I have known 
coughs ſtrangely abated by a very faline medicine; wherewith, I, in a few 
hours, reliev'd a child, w by the violence of one, ſeem threaten d with 
ſpeedy death; and, yer, many phyſicians condemn all fale things, in this caſe. 
And, from the vehemently pungent ſpirit of human blood, I have known, 
notwithſtanding its very ſaline, and heating quality, ſtrange effects, even in a 
deplorable, and hereditary conſumption. But, what ſeems more ſurprizing, a v 
ancient Galeniſt, eſteem'd as an oracle, eſpecially in pulmonic conſumptions, hic 
were common in his country, having uſed various means to cure them, both in 
himſelf and others, confeſſed, he found nothing ſo effectual as ſulphur melted, 
and mix'd with amber, and a cephalic plant, as betony, to allay the pungency 
of the ſulphur, and ſo ſmoked like tobacco. The ſulphur, however, was fo pre- 
dominant, that he kept a ſyrup in readineſs, to heal the ſoreneſs it might occaſion 
in the mouth. And, with the fame remedy, a very curious perſon ſolemnly 
aſſured me, he had cured many conſumptions, particularly once in a lady, 
whom, even in health, I knew to be very lean. Now, phyſicians. generally, 
forbid the uſe of acids, when the lungs are ulcerated, or tender; and, yet, the 
fume of ſulphur is what condenſes into that highly corroſive liquor, called 
Oleum ſulphuris per campanam, which will, readily, diſſolve iron. From hence it 
appears, either, that the theory of conſumptions is miſunderſtood ; or, that the 
balſamic quality of the ſulphureous ſteam, is great enough to prevent the ill effects 
of its acidity. The dried livers, and galls, of eels, which are, uſually, remark- 
ed for nothing but their crudity, have, if we credit Helmont, prevented multi- 
tudes of women from dying of a hard labour. Pauarola, allo commends them 
for the ſame purpoſe; and, I knew a famous empiric, who got much reputation, 
and money, by ſelling this as a ſecret. I my ſelf, alſo, gave it to the wife of an 
ingenious phyſician, when he, and the midwives, had almoſt deſpair d of her; 
and, as ſhe, afterwards, told me, each doſe made her throws, which before had 
left her, return; and that, at length, ſhe was deliver d, ſhe ſcarce knew how. Bur, 
I, here, found the quantity of a walnut of the powder, which is double to _ 
O 2 0 
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of Helmont, neceſſary for a doſe, in rheniſh, or white-wine, upon an empty 
ſtomach. | 
Did not experience aſſure us of the contrary, one wou d think, that, to ſuffo- 
cate ſcorpions in oil, ſhou'd make it venomous; which, yet, is the cure of their 
poiſon: an effect, now the phy ſicians find it true, they pretend to account for. 
The flux is endemial in Ireland ; but, conſulting an ancient and experienced phy- 
ſician, there, concerning it's cure; he aſſured me, he found nothing more effec- 
tual, than freſh butter, melted, purified, and given in a large quantity; which 
ſeems more apt to cauſe, than cure, that diſtemper. And another ancient phy- 
ſician, there, afterwards, greatly commended it to me, in the fame caſe. 
— I ſhou'd no longer inſiſt upon the recommendation of ſpecifics, did I not find, 
mey Ferate at every turn, that learned men, and, eſpecially, a famous foreign univerſity, reject 
em, for not knowing the manner of their operation; believing it abſolutely im- 
probable, that a medicine which muſt paſs thro? ſeveral digeſtions, and circulate 
with the blood, ſhou'd negle& ſome, and befriend other parts of the body. To 
this objection I wou'd offer two things. And, firſt, I demand of theſe gentle- 
men, an intelligible explanation of the manner wherein the common medicaments 
operate; as how rhubarb purges choler, and hellebore melancholy, rather than other 
humours; how Autimonium diaphoreticum, and Bezoarticum minerale, after having 
long endured the fire, come to be ſudorific; how the infuſions of Crocus meralle- 
rum, and glaſs of antimony, tho' they have no manifeſt power to vellicate the 
tongue or palat, are both, violently emetic and cathartic ; and, laſtly, how mer- 
cury, which, in many caſes, is given, with fafety, to women in labour, Cc. be- 
ſides having many other abſtruſe, medicinal qualities, becomes not only emetic 
and cathartic, but alſo ſalivates? For I muſt confeſs, that many of the vulgar ope- 
rations of common drugs ſeem not to me, ſatisfactorily explain'd by phyſicians, 
who even are at a loſs, in accounting for the effects of diuretics, ſudorifics, 
narcotics, and many other familiar medicines, which, thoſe who conſider them only 
ſuperficially, think they underſtand. Nay, I greatly queſtion, whether the gene- 
ity of phyſicians can, yet, give a htiahactory reaſon why any ſort of medicine 
purges in general. But he who will ſhew me where either the —_—_ or Peri- 
patetics have, clearly, made out why rhubarb purges choler, and ſena phlegm, erit 
mihi magnu Apollo; for I cannot conceive how their narrow and barren princi- 
ples ſhou'd do it. And the only reaſon, that I can find, why phyſicians, who 
are ignorant of mechanical philoſophy, think they know ſuch things, is, becauſe 
they never, attentively, enquired about them. Secondly, a due application of me- 
chanical philoſophy will, perhaps, more eaſily ſhew, at leaſt in general, that ſpe- 
_ Cifics may produce the effects which judicious and experienced men have aſcribed 
thereto, than the vulgar principles can account for the moſt obvious and eaſy 
operations of medicines. And tho? the objection urged to prove, that ſpecifics 
cannot affect only particular parts, lies equally ſtrong againſt poiſons proving 
noxious to particular parts; yet experience demonſtrates that theſe, actually, prove 
hurtful to ſome parts, without equally, if at all, offending others. Thus can- 
eharides affect the kidneys and bladder; quick-ſilver, the glands in the throat; 
Strammonium, the brain; and opium, the nerves and animal ſpirits. 
Now if the body, as we have made it appear, is a machine, and medicines. 
operate upon it accordingly ; tis not ſtrange there ſhou'd be therein ſeveral ſtrain- 
ers. 
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ers of different textures, with, perhaps, local ferments in particular parts; and, the 
maſs of blood, continually doing Fg the whole, ht 6 medicine ſhou'd be 
convey d, from one part to another, by means thereof, and, at length, arrive to the 

ts or humours which their textures, the ferment abovemention d, or ſome other 
mechanical properties, fit and diſpoſe to be operated upon, thereby. Saline and 
tartareous aliment, whilſt circulating in the maſs of blood, may, thereby, be di- 
lured, and kept aſunder, ſo as not to offend any part, till it comes to be ſecreted 
in the kidneys, when, by its pungency, it may wound the ureters and ten- 
der bladders of thoſe afflicted with the ſtone: and upon this account, perhaps, 
cantharides only affect the bladder. Thus, alſo, a ſpecific may be diſpoſed to 
diſſolve in the body, and either preſerve or acquire a proper diſpoſition for the 
pores of the kidneys, liver, or other ſtrainer; or its particles may be endow'd 
with a _ motion fit for adhering to thoſe of the peccant matter, 
(which, thro' their vehement agitation, or other offenſive qualities, diſorder the 
body,) and, by altering -their bulk and ſhape, give them new and innocent 
properties. Another ſpecific may diſſolve the groſs and ſlimy matter obſtructing 
the veins; as I have obſerv'd, 4 ſpirit of harts- horn, which powerfully opens 
obſtructions, and reſolves viſcid phlegm, in the lungs, will, alſo, diſſolve, tho* more 
ſlowly, flowers of ſulphur, crude copper, &c. It may, alſo, obtund the acid ſpirit that 
cauſes coagulations in the blood, and reſtoring this to its fluidity and circulation, 
prevent formidable diſeaſes that ariſe from it, when ſizy, On the contrary, the 
minute parts of ſome ſpecifics may thicken and fix the too thin and fluid parts of 
the blood, or peccant matter, by aſſociating themſelves therewith ; as the agile 
parts of pure ſpirit of wine will coagulate with thoſe of rectified ſpirit of urine, 
and alſo with another liquor I make, into a kind of ſoft, but ſolid ſubſtance. 
Nor is it hard to conceive, that a ſpecific ſhou'd work upon one part of the body, 
and not upon another. We have, already, inſtanced in vinegar, which diſſolves. | 
the ſhell, and leaves the skin of an egg, untouch'd; and if coral be thrown into 
common rectified ſpirit of tartar, the greater part of that fluid will remain un- 
alter d; but acid particles will, — An incorporate therewith, and thereby 
loſe their acidity: and this effect, coral has been obſerved to produce in human 
bodies, the acid humours being, perhaps, brought, by the blood, into the ſto- 
mach and guts, whilſt that remain'd therein. But, in other caſes, the operations 
of remedies may be more ſudden, by diffuſing themſelves, at once, thro' the 
maſs of blood, and aſſociating with, and deſtroying, the acid particles. Thus, 
ſpirit of urine, put to that of tartar, only coagulates with, and affects, the acid 
therein contain'd ; whilft the ſpirituous, and phlegmatic parts remain as they 
were. And, ſurely, if ſome cathartics purge eſectively, as our opponents aſſert, 
and ſome antidotes are —_— to ſome poiſons, as experience manifeſts; ſpecifics 
may be allow'd, to act after the ſame peculiar manner. 

More examples, of the efficacy of ſpecifics, might be here produced, but theſe may yy; pit im- 
ſuffice at preſent ; eſpecially, if we conſider, that as phy ſic owes its origin to expe-ππ 9 exper 
rience, ſo thoſe who practiſe it, muſt enlarge and rectify their principles by the new 
diſcoveries that are made, either in art or nature. The old empirics,. as we find 
them ſpeak in that excellent preface of Celſzs, fully expreſs my ſentiments on this 
head. © Thus,” fay they, © phyſic gain'd ground, by obſerving, from — 

cc 
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e of ſome, and the death of others, what was ſilutary, and what was noxious; 
te and, after remedies were found, men began to argue about them; for phyſic 


« was not the invention of reaſon.” And to this purpoſe Ariſtotle excellently 
fays, „where the fact is plain, tho* it appear improbable, we ſhou'd not reje& 
cc itz but enquire into the cauſe thereof. Tis true, credulity is of very perni. 
cious conſequence in a phyſician; yet the world is little obliged to thoſe who, 


rigidly, confine the operations of nature to their own narrow limits; without al- 
lowing, either themſelves, or others, to try, whether ſuch things are performable, 


as they never ſaw done, and their common ſchool- principles cannot account for, 
*Twou'd have ſeem'd incredible, a few years ago, to thoſe who were only ac- 
quainted with vegetable cathartics and emetics, that a cup, made of a ſubſtance, 


- inſoluble by the ſtomach, chou d, without any ſenſible diminution of its weight, 
communicate a cathartic, and emetic, quality to any liquor pour d 
therein; and, notwi ing, diſcover no alteration, either in its colour, 


ſcent, or taſt; yet, a ſlight preparation of antimony, with ſalt-peter, or, ſing] 

melted into glaſs, will hs And thus, alſo, which ſeems more — ec 

the common Crocus metalloram is faid, in a ſmall quantity, to render wine as 
ly. emetic, as if a greater had been therein infuſed. That a fixed ſtone, ca- 


pable of ſuſtaining the heat of a reverberatory fire, being taken in the quantity of 
Las 12 a dram, and continued for me thous — 

might ſeem impoſſible, were it not well known, that the Lapis ofifragns, or, ra- 
ther, Oftcocolla, as tis deſervedly call'd, has this p Querceran relates ſuch 


conſolidate broken bones, 


wonderful cures done by it, uſed both internally, externally, in fractures, 
without the uſual ſymptoms, and in four or five days time, that, he tells us, it 
might ſeem incredible, had not other proper perſons beheld the ſame, as well as 
himſelf: and well might he ſay thus, ſince, as chirurgeons obſerve, nature is, 
uſually, forry days 3 a callus in the bones. Matt hiolus, Fabricius Hil- 
danut, and Sennertus, alſo, confirm this great virtue of the ſame medicament; and 
the latter tells us, that, © in youth, _ a good habit, it cauſes the callus to grow 
cc too faſt, for which reaſon, ſays he, it ſſiou d, only, be uſed in grown perſons, 
< and not too freely.” And, that this caution is juſt, I was, lately, convinced, 


by a learned phyſician, who had ſtudied the nature of the ſtone, and told me, 


t his mother, having formerly broke her leg, ſuddenly occaſion'd an exorbi- 
tant callus, by taking too much of it. He, vhs before the ſalivating property 
of mercury was diſcover d, ſhould have told ſuch phyſicians as our opponents, 
that, beſides the uſual ways of evacuation, there was a fort of remedy, which, 
operating by the ſalival glands, cured diſtempers, that were incurable by ordinary 
means, wou'd, I queſtion not, have been laugh'd at; yer this property is, now, 
indiſputable, and has proved ſo ſucceſsful, in veneres] diſtempers, that I wonder 
thoſe who ſcruple not to uſe rough methods of cure, have not, yet, applied it 
in ulcers of the kidneys, conſumptions, palſies, Sc. * wherein, I am inclin'd to 


* This has, of late, been, abundantly, per-] ſhy of it than, perhcps, they otherwiſe wou'd 
form'd in France, where they freely uſe the] be. However, we can produce inſtances, am 


mercurial frictions in ſuch caſes, and with great | our ſelves, of very ſtubborn and radicated aſs 

ſucceſs. But an exact hiſtory of the cures, per- which have given way to mercurial unctions, 

form'd by. mercury, applied in this manner, when other remedies had failed. 
d 


having never been publiſh 


, the Engliſhare more | 
think, 
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think, it might prove as effectual; eſpecially, if the tormenting ſymptoms of the 
falivation, which are ſcarce ſupportable, could be — A if 
be dextrouſly precipitated, by a and competent digeſtion, with a due pro- 
ion of refin'd gold, experience inform'd me, that it ſalivates with much 
more eaſe to the patient, than the common mercurial preparations x. Beſides, L 
am inclin d to believe, from trials, which I have procur d experienced phyſici- 
ans to make, both in venereal, and other, diſtempers, that medicines, wherein 
the quick-filver is well corrected by gold, may have extraordinary effects. I 
cannot, here, omit an uncommon cure, perform'd with mercury, related to me, 
by the chymiſt to the king of Fraxce. A perſon of A bl Monſeignior de Yatte- 
ville, who commanded a French regiment of Swiſs, had a violent diſtemper in 
his eyes, which, notwithſtanding the utmoſt endeavours, both of phy ſicians and 
chirurgeons, grew, ina few months, toa total blindneſs; in this ſtate he continued 
for many years, till hearing of a famous emperic, Adria Glaſſmaker, who per- 
form'd ſtrange cures, with a certain powder; the colonel went to him, and, re- 
ſolving to undergo the torment of his method, the emperic undertook him, and 
order d about a grain of his mercurial powder, a kind of turbith, made by 
cipitating quick-filver with oil of vitriol, &c. to be ſnuffed up each noſtril, 
which, immediately, operated in a violent manner, by vomit, ſtool, ſweat, u- 
nine, ſalivation, and the lachrymal glands, for twelve hours together; cauſing 
alſo, his head to ſwell greatly; but within three or ſour days after this ſing 
doſe had done working, the patient * to recover his ſight; and, in a fort- 
night's time, ſaw better than ever, or, than men uſually do. The colonel 
chaſed the receipt of the powder, and preſented it to Monſ. Benoeſt, a chirur- 
geon, who cured him of a broken thigh, when others were proceeding to am- 
putation ; and he, by ' uſing it, in the ſame manner, cured a gentle woman of a 
cancer in her breaſt. | | 


It will n= ſtrange to ſome perſons, that, in this whole diſcourſe, J have not Univerſal reme- 
upon univerſal remedies : the reaſon is, I am not well fatisfied a- 


once touch 
bout their poſſibility. Yet, methinks, we confine our thoughts too much, if 


we don't expect, that a generous medicine ſhould cure more than one kind of 
diſeaſe. The theory of diſtempers is not, yet, ſo accurate and certain, that we 
ſhould neglect the manifeſt, or ee. virtues of noble remedies, where we 
cannot reconcile them thereto. A tranſlation of the morbific matter, from one 
part to another, frequently occaſions different diſorders. Thus I have obſerv'd 
the cauſe of a cough, removed from the lungs to the brain, has produced a ſud- 
den decay of memory, and the reaſoning faculty, together with a. partial palſy. 


It ſeems probable, therefore, that a medicine, endow'd with proper qualities, 


may te upon the morbific matter, wherever it can meet therewith; and ſo 
effect a cure. It, alſo, frequently happens, that diſeaſes, ro appearance, of a 


* To obtain the full virtue of mercury, wich- flux at the mcuth. The chancellor of that uni- 
out, railing a ſali vation, were a very deſirable| verſity, M. Chicheyneav,. has publiſh'd a theſis 
thing. This is attempted by ſome phyſicians, | upon the ſubject; where he, ene Hy, recom- 
and, particularly, by thoſe of Montpelller, in the] mends the practice, and produces ſome inſtan- 
way of frictions, which they apply, at ſuch] ces of it's good effects, from his own experi- 
diſtances of time, as to prevent the 1iſe of a, ence. 
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quite contrary nature, proceed from the ſame cauſe, differently circumſtanced ; 
or that various diſeaſes, which ſeem original, are only ſymptomatic. Thus a 
dropſy, and a ſlow fever, ſeem oppoſites 1 an expert phyſician knows they 
may, both, proceed from the fame cauſe, have the ſame cure. An ignorant 
phyſician would think the numerous ſymptoms in hyſterical women, original 
diſtempers; and they have, often been, unſucceſsfully, treated accordingly; when 
uterine medicines would allay them, all at once. I lately knew a practitioner, 
who uſed. the ſame volatile ſalt in dropſies, and original fevers; and a prepara- 
tion af hart's horn, not much unlike it, has, by me, been found equally ſervice- 
able in primary coughs and fevers. And we have, already, enumerated various 
remedies, which prove effectual againſt diſeaſes, judg d, from the common theory, 
to be oppoſites; not here to mention my own obſervations on Helmont's Lau- 
danum, my Ens Veneris, and the lady Kent's powder. Many diſtempers that 
of contrary natures, are, if we may credit Henricus ab Heer, yearly curd 

by the water; and of theſe he gives us a long detail. But after having ex- 
preſly aſſerted theſe waters to have the virtues, of hot and cold minerals, 
and that the ſame, as well as different patients, are, accordingly, cured, both of 
cold and hot diſeaſes; he gives an inſtance to confirm it. © Theſe waters,” ſays 
he, “ among their other good effects, are excellent to bring down the menſes, 
&«. as I have, a thouſand times, experienced; and, yet, they reſtrain them, when 
& violent, better than any medicine whatſoever”. And I, lately ſaw, at Tunbridge, 
ſomething rhat ſeems to countenance what this experienced author delivers of the 
How. hus, then, we ſee, one potent remedy may cure ſeveral, ſuppoſed, contrary 
iſeaſes. And it deſerves to be farther obſerv'd, that when the receiv'd practice 
fails, the tired and deſpondent phyſician ſends his patient to the wells, in hopes 
that a remedy, prepared by nature, may do more than ; thoſe prepared by art. 
This obſervation, being well conſider'd, together with the poſſibility there is 


that art may meliorate and improve moſt remedies, afforded by nature, one might 


dare to hope, that medicines of greater efficacy, may be prepared, and applied 
to more caſes, than thoſe Who admire the common, arbitrary theory of diſeaſes, 
and judge of, remedies by what is ſold in apothecarizs-ſhops, expect. My de- 
{igo,. however, is not to ſubvert thoſe, principles of the methodus medendi, where- 
in all phyſicians, unanimouſly, agree; much leſs would I countenance thoſe bold 
a, N who, without a comperent knowledge in anatomy, botany, and the 
hiſtory of diſeaſes, think receipts, alone, can enable them to cure diſeaſes which 
they don't underſtand. No, through the whole of this diſcourſe, without, pe- 
remptorily aſſerting any thing, I have barely repreſented my notions, as deſer- 
ving an impartial conſideration ; ſo that, in caſe they are rejected, it may not 
be, before the things have had a fair trial and examination; but that, i they 
happen to be approved, they may ſerve as inſtances of the uſefulneſs of natu- 
ral philoſophy to phylic : and if any thing I have faid, may conduce to that 
end, I ſhall think my time well ſpent in this ſtudy. Man is fo noble a crea- 
ture, and his health ſo requiſite to his well being, and the diſcharge of his ſe- 


veral duties, that I wonder not the heathens aſcribed the art of healing to the 
gods, and advanced it's happy profeſſors among them. The principal end, for 
which I ſtudy chymiſtry, is to relieve ſome languiſhing patients the more eaſily 


from 
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from their ſickneſs ; for, certainly, our common remedies are very ineffectual; 
not to mention the fatigue they occaſion in taking. We daily meet with too 
many, Who, like the woman in the goſpel, have © ſuffer'd many things of many 
phy licians, and ſpent their whole ſubſtance upon them, without being ever the 
— but rather worſe; for which reaſon, I eſteem the inventing and divulging 
uſeful things in phy ſic, and the recommending of good remedies, among the 
moſt extenſive acts of charity, whereby a man becomes, really, more ſerviceable 
to the world, than by building an hoſpital. © What numbers have owed their health 
to mercury; and, conſequently, how many more perſons are obliged to Caput, or 
viouey diſcover'd it's uſe, than have recover'd in the largeſt hoſpital, in the 
worl | 

I am ſenſible, indeed, tis reputed more faſhionable, in young gentlemen, to 
ger into the army, and to kill their fellow creatures, than to cure them; and that 
tis thought a fine exerciſe to deſtroy the nobleſt —— nature; but 
the character of our great maſter was © that he went about doing good, heal- 
« ing all manner of ſickneſs, and all manner of diſeaſes among the people”; 
which is an employment worthy even the nobleſt of his diſciples. 


— 


PART III. 


Shewing the advantages of natural philoſophy 
to human li fe. 
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I COME now to ſhew, how natural 8 contributes to afford us vie 


the neceſſaries and conveniencies of life ; whereby our empire is extended 
abroad, as a knowledge in phyſic, ſecures us at home. And, methinks, 
it appears highly probable, that good naturaliſts may, greatly reform trade, or 
inprove it; ſince, in general, it depends, only, upon a ſmall number of parti- 
cular productions of nature; and, chiefly, lies in the hands of the illit:rate. 


Thus, for inſtance, the husbandman's skill conſiſts in the knowledge of a few 


plants and animals, their relation to icular ſoils, and management, with the 
influence of the celeſtial bodies and meteors thereon ; all which ſubjects fall, 
properly, under the cognizance of a naturaliſt. He, therefore, who has atten- 
tively confider'd the nature of generation, nutrition, and accretion, both in plants 
and animals, and knows how to vary an uſeful experiment, ſo as to remedy the 


inconveniencies, or ſupply the defects thereof, and can, dextrouſly, apply his own, 


and others obſervations, may cultivate husbandry to as much advanrage as the 


ordinary farmer tills his land. An attentive conſideration of the parts that con- 


Vl. k P ſtitute 


g mis to reform, 
and improve trade. 
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ſtitute each particular trade, would ſhew how they all depend u hiloſophy, 
and might be farther improved. Thus, the principal parts Fan <a, 
— of the preparation of Aqua fortis, and its operation upon ſilver, cop. 
per, and gold, with the means to purge it, that, neither gold may be diſſolv d, 
nor ſilver precipitated, when diſſolv d thereby; to know what proportion is diſ- 
folvable therein, and the quantity of water, neceſſary to weaken the ſolution; 
how long copper- plates ſhould lye to precipitate the ſilver it contains; how 
lead is colliquated with, and what proportion thereof is requiſite to car- 
ry off, the baſer metals upon the teſt; how cupels are made, and, with theſe, 
to draw off lead, or antimony, from ſilver, or gold; to diſcern when the 
metal is, ſufficiently, refin d; and, laſtly, to know the proper proportion of 
Id, and filver, to make water- gold. This trade, indeed, 15 underſtood by 
Row, and not fo diffuſive and complicated as hundreds of others; yet, if the 
all were judiciouſly reſolv'd into their component parts, it would, doubtleſs, 
appear, that moſt of them are, only, corollaries, deduced from particular obſer- 
vations in philoſophy, or the bare application thereof, to the uſes of human 
life, And, if ſo, tis very probable, that farther diſcoveries in the nature of 
the materials, the ſubjects of trade, and a knowledge of the laws they ob- 
ſerve, may reform, or meliorate, ſeveral of it's branches. This, too, is perſorm- 
able by odd and unſuſpected means; ſo that, perhaps, the chymiſt's char-coal, 
may prove an excellent equivalent for manure; if a vegetable falt, as probably 
it is, be the cauſe of the land's fertility. For, chymical experiments may diſco- 
ver the nature hereof, and, thereby, afford uſeful directions towards the meliora- 
tion of arable, paſture, and wood-land. From the experiments I, myſelf, have 


made upon earths, dungs, and ſeeds, whereby, I found, that falts abounded in 


the liquors w yielded; I fee reaſon to wiſh this inquiry were farther pro- 


ſecuted, towards the improvement of husbandry. Whoever has obſerv'd thoſe 
many particulars in this art, which cauſed Sir Francis Bacon to pronounce nitre 
to be the life of vegetables; and, conſiders; how land is improved by pi- 

n's dung, which impregnates it with ſalt- petre; and, laſtly, knows, that moſt 
at earths, defended from the ſun and rain, and left to themſelves, will, ſoon, 
abound in nitrous ſalt; whoever, I fay, conſiders theſe things, will, perhaps, 
believe an inquiry into the nature of falt-perre, may be of great uſe in 
farming. | 

I, — cauſed ſome earth to be dug up, from under a pigeon-houſe, 
and diſtilling it, in a retort, little, or no oil, but a conſiderable quantity of a 
reddiſh liquor came oyer; ſo far unlike ſpirit of nitre, that it greatly reſembled 
volatile ſalts; for, without being rectified, it not only turn'd ſyrup of violets 
green, and precipitated a ſolution of ſublimate, into a milky ſubſtance; but there, 
alſo, came over, therewith, into the lower part of the receiver, a dry falt, in 
taſte like the volatile kind, and ſo far an alkali, that it readily hiſſed, and cau- 
{ed an ebullition in an acid menſtruum. From hence, it ſeems, which is high- 


For a particular acccunt of this att, fee Piloſep"ical Tranſations, No. 138. p. 955. and 
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iy remarkable, that a falt, very different from acid, may, by the operation of 
the earth and air, be ſo alter d as, afterwards, by a flight management, to af- 
ford ſalt- petre, whoſe ſpirit is ſtrongly acid. And dropping Aqua fortis upon 
pot-aſhes, diſſolv'd in a little fair water, till the ebullition and hiſſing were 
perfectly ceaſed; and, having filtred this liquor, and ſet it in an open veſſel to 
evaporate, with a gentle heat; being, in two or three days time, removed to « 
cold place, it aftorded very pure cryſtals of ſalt-petre. 

I might add, that the knowledge of the nature, and diſtinctions of ſaline 
bodies, may, greatly, aſſiſt, to ſhew the differences of the various ſaltneſs that 
is found in foils; and with what ſort each plant, or ſeed, is moſt delighted. By 
this means, many tracts of land, now thought barren, for want of a know 
hereof, might be render'd uſeful. And ground may be made to yield much bet- 
ter crops, than uſual, by being, ſucceſſively, ſown with a proper variety of ſeed, 

le to the nature of the particular falt, at preſent, inherent in the earth ; 

or, by the abſence of one kind of falt, it is better prepared to feed thoſe plants 

that delight in another. And of this, the husbandmen have, in ſome meaſure, 
already taken notice; as appears by their ſowing turneps, in grounds too remote 
ſor the convenient carriage of compoſt, to ſerve for manure, and fit them for 
wheat. And, I am of opinion, than any land, except mere ſand, might, withs 
out much culture, be made fertile, were we but well acquainted wich the ſoil, 
and provided of the various ſorts of grain, that nature affords, in different coun- 
tries. There are various ſoils, both in England, and elſewhere, left quite uncul- 
tivated, wherein ſome foreign vegetables might thrive and proſper. Many large 
tracts of ſteep and craggy land, expoſed to the ſouthern ſun, lye waſte, in ſeve- 
ral hot countries, where grapes are not planted; tho' in France, [raly, and, even 
on the Alps, ſuch lands are turn d into excellent vineyards. An experienced way 
of cauſing wheat to grow, and proſper, even in clay, where no grain had thri- 
ven, was communicated to me by a perſon who had uſed it: and the art con- 
ſiſted in ſteeping the ſeed, for a determin'd time, in a certain exprefs'd oil that 
is not dear; whence, tis probable, that, without altering the ſoil, a ſlight change, 
properly made in the ſeed, alone, may ſo fit them, for each other, as to yield 
a large increaſe. I have, alſo, ſeen, in a collection of rarities, an ear, or two, 
of corn, not much unlike our common wheat, one grain whereof, in a warm 
country, from whence this was brought, would afford ſo vaſt an increaſe, that 
the poſſeſſor was, almoſt, aſhamed to declare; and, I am more afraid to repeat it. 
An Engliſh gentleman, however, aſſur'd me, that having ſown ſome of this 
corn, in land of his own, he found a ſingle grain to produce ſeveral hundreds; 
tho that came nothing near what it was ſaid to do, in a more ſuitable foil and 
climate. The learned Acoſta affirms, that, in ſeveral parts of Aurica, where the 
European wheat will not proſper, the Indian, or Virginian fort, call'd, alſo, Mais 
ſucceeds ſo well, that tho' the grain be large, and more than one cluſtcr often 
found upon one ſtalk ; yet, in a ſingle cluſter, he has counted ſeven hundred 
grains, He adds, *tis not unuſual, in that country, to reap three hundred times 
the quantity ſown. This, indeed, ſeems, a little incredible ; but I, myſelf, 
have f even in Ergland, ſuch a multitude of grains, in one wy; the 
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—2 of ears, produced from a ſingle grain, that I am inclin'd to abſolye 
Acoſta.* 

In ſome Eaſtern countries, a ſort of rice, the chief food of the na- 
tives, thrives, excellently, upon land ſo watery, that the perſon is there obliged 
to wade, who ſows it. Yet, this is leſs ſtrange than what Martinius tells us, a5 
a practice in ſome parts of China; where many places, that lye, all the year, ur- 
der water, have ſeed fo well appropriated to them, that, tho* thrown in the 
water, as baits for fiſh, it ſhoots up in it's proper ſeaſon, appears on the ſur- 
face, like a verdant field, and affords 4 plentiful crop. 

To proceed. Chymiſtry and hydroſtatics may help to diſcover the kinds and 
degrees of ſaltneſs, reſiding in ſeveral other bodies, the husbandman employs, 
I, —_— have made ſurprizing diſcoveries, in — upon ſome ſorts of earth, 
by chymiſtry. And, as in particular, the fertility of manure, ſeems to depend 
upon it's ſalino- ſulphureous parts; a practical inquiry into the differences and 
various operations of ſalts, may, probably, aſſiſt to diſcover various kinds of 


compoſt, with the proper manner, wherein to multiply, compound, and ap- 


ply them. 

And, thus, not, only, fire, but water, by means of the engines, and con- 
trivances to be learnt from hydroſtatics, may be made more ſerviceable to 
husbandry than ordinary. Martinius aſſures us, that, in one province of 
China, op water their rice-fields, by means of moveable mills, placed, 
as occaſion requires, upon any part of the banks of a river. The wheels, here, 
raiſe the water, in buckets, to a great height, above the ſurface of the river ; 
whence tis, afterwards, convey'd to the deſtin'd places, in proper channels. 
But, the art of levelling, or conducting water upon the ground, may be, far- 
ther, ſerviceable in this caſe. For ſoils, ſuited to this way of culture, are, there- 
by, greatly improveable ; tho' it be, almoſt entirely, neglected, both in Eng- 
land, and elſewhere. Some ground of mine, by being skilfully overflow'd, has 
doubled it's increaſe. And I have, alſo, ſeen a wild boggiſh place, turn d, by 
a perſon of quality, into a dry and compact ſoil, by, barely, trenching 
and overflowing it equally, ſix or ſeven times in a year, between the beginning 
of October, and the middle of April, with water from a neighbouring ſpring, 
that is enrich'd by no land- floods, and roſe in a barren and uncultivated place; 
ſo that this ground afforded hay, in ſuch plenty, as to become worth twenty 
times it's former purchaſe. Other inſtances, of the like improvement, I have met 
with, from, skilfully, overflowing grounds with common water. 

1 muſt here obſerve, that the more comprehenſive any trade is, the more im- 
provements it will admit of from philoſophy; becauſe, depending upon many natural 
productions and operations, there muſt ariſe many particulars to be meliorated, 
or reſorm d, either in the manufacture, or profeſſion. Thus corn, in husbandry, 
renders a know of the whole art of tillage convenient, with the ways to 
order cattle, the dairy, an orchard, a kirching-garden, wood, flax, hemp, hops, 


bees, &c. and the particular productions of ſome of theſe, as honey, cyder, 


* For the improvement of agriculture, ſce Philoſophical Tranſattions, No. 116. p. 359. 
Ne. 225. p 412, No. 237. p. 44. ö a 


Ce. ac 


VVV 


The Uſefulneſs of Philoſophy. 


Cc. are capable of improvement, and require skill to manage. In the variety of 
articulars, therefore, wherewith the husbandman deals, - i muſt — 
wherein the ſuperior knowledge and experience of the naturaliſt, will be ſervice- 


able. And, as one of the principal parts of husbandry depends upon preſerving 


cattle from diſeaſes, and the fruits of the earth, from putrefaction; natural phi- 
loſophy may conduce to both theſe ends. He who can accelerate, and delay 
putrefaction in bodies, may ſhew the husbandman how to prepare variety of 
manures; to enrich his ground with the peculiar kind of ſalt it wants; and, al- 
ſo, how to prelerve ſeveral ſeeds, flowers, and fruits, beyond their natural duration. 
Thus many, by my recommendation, have continued fruits, as quinces, for inſtance, 
good, almoſt, all rhe year round, by a pickle made, only, of water, and the 
refuſe of quinces, or what is eaſily obtain'd from them: but cherries I have 
preſerved freſh and juicy for more than a year: and that without falt, or ſu- 

r, only by a proper ſpirit of wine, well impregnated with the tincture it drew 
2 the — the ſame kind of fruit. nach 8 Fay 

The great advantage accruing to the Durch, from the way of pickli 
herrin 1 and to 9 from 55 ordering the fleſh of animals, as 4 8 — 
in > A from Europe to the Eaſt-Indies, and, ſometimes, even till it comes 
back again from thence, may ſhew what benefit husbandry might recieve from 
diſcovering means to preſerve the productions of the earth; but, eſpecially, if 
it could be extended to ſmall wines, cyder, perry, &c. that are, commonly, 
made in large quantities; but ſoon decay, at home, and are unfit to be tranſ- 
ported to very diſtant countries. The virtue of ſugar, to ſtrengthen vinous 
liquors, and render them durable; and the method of preſerving great variety of 
fruits, and the juices of plants, without the help of ſalt, or any thing ſharp, give 
ſome reaſon to expect, that very different ways may be found to make ſubfan- 
ces out-laſt their natural term of duration. * 
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Again, that great damage the husbandman, often, ſuſtains by ſtubborn and Hurband'y by me- 
cine, in cg 


contagious diſeaſes in his cattle, might, in good meaſure, be prevented by the % Agel com 


inſtructions of the naturaliſt, eſpecially if skill'd in phyfic. For, as many di- 


ſeaſes, ſo, many cures, alſo, are analogous in men and brutes; tho* remedies, for 
ſeyeral reaſons, uſually, ſucceed beſt in the latter. A gentleman, of my ac- 
quaintance, has, for ſeveral years, preſerved his numerous flocks, in a moiſt coun- 
try, when moſt of his neighbours loſt theirs, by the uſe of Spaniſh ſalt. Af- 
ter having bled them, a little, under the eye, he obliged them to take down, 
a ſmall handful of ir, two or three times in a few days; without permitting 
them to drink any thing, for ſome hours, after it. This remedy he employ'd, 
at that ſeaſon, when there is a ſuſpicion the ſheep will begin to be bloch'd. I 
might here alledgg, the virtue of crude antimony” againſt the foulneſs of the 
blood, and leproſy in fwine ; of quick-filver, againſt the worms in horſes ; of 


* To preſerve fruit and flowers for a Who [it cloſe with oil-c'oth, and, in a dry ceVar. put 
year, take falr-petre, one pound, bole arme- -ach of theſe gafſes four fingers deep, under 
niac, two pounds, common clean ſand, three ground, ſo, that quite round, above, as well as 
pounds; mix them together, and, in dry wea below, there may remain two fingers thick of 


ther, take fru't, or flowers, of any ſort, not tte mixture. See Piiloſephicai Tranſaftions ,. 


tully ripe, each with its ſtalk, and put them. | No, 237, p. 44. 
ſingly, iato aa open gals, till it Le full; cover] 


— — 


110 


754 by fu ofiphy 


in cxring the ciſ- 


eaſes of the ſol. 


Trades condacin 
to the delicht o 


The Uſefulneſs of Philoſophy. 


the remedy of Palmarius, which, he aſſerts, is infallible againſt the bite of a mad 
dog in cattel; of a more parable one, alſo, that ſerves, no leſs, in men, the effect 
whereof was experienced by a near relation of mine; of rhe antimonial cup, for 
ſeveral diſeaſes in horſes and ſheep ; and, laſtly, of another antimonial medicine, 
very ſucceſsfully uſed, by an acquaintance of mine, to fatten his horſes after 
ſickneſs; all theſe, and many more, receipts of medicines, highly, eſteem'd for 
their efficacy in ſeveral diſtempers, both in men, and brures, I might here ſer 
down, were it my preſent buſineſs. 

Moreover, there are many reaſons aſſignable, why husbandry, with the aſſiſ- 
tance of philoſophy, may be improved, by the addition of a therapeutic part, with 
regard not only to the animal, and vegetable productions it conſiſts in; but, alſo, 
to the various diſtempers of the ground itſelf. For, were the cauſes of barren- 
neſs therein, with its reſpective indiſpoſition to nouriſh particular plants, or ani- 
mals, diſcover d; many of thoſe defects may, doubtleſs, be removed by rational 
applications, and proper means of cure; as we ſee in other inanimate bodies, and, 
even, metalline ones. And, from a knowledge of the particular cauſe of a barren 
ſoil, 3 perhaps, be procured to it, without much coſt. Some in- 
genious husbandmen have, lately, declared themſelves ſatisfied with a way of me- 
liorating two of the moſt unfruitful kinds of land, clay, and ſand, that conſiſts 
only in skilfully mixing them, in a due proportion, according to the uſe for 
which it is deſign d. And, an ingenious gentleman, to ſatisfy ſome curious 
perſons, purpoſely, ſow'd ſome corn, near the place of my abode, which proſper'd 
ſo 5 that one root, whereof I took particular notice, tho', perhaps, not 
the mo uctive in the field, yielded ſixty odd ears: and, what is more ſur- 


prizing, this wonderful increaſe depended only upon a philoſophical obſervation. 


without any thing extraordinary having been done either to the ground, or the 
ſeed; for the ſecret was intruſted with me, by the gentleman himſelf, to make 
public, in caſe he died before me. And, with the ſame view, he communicated 
to me a method of increaſing the bulk of apples in their growth, by help of the 
deſpiſed leaves of a very cheap, and common vegetable. 

To proceed. Not only the neceſſary trades, but alſo the pleaſurable ones, are 


ind. "re improveable by philoſophy ; for, they, chiefly, conſiſt in the knowledge, and ap- 
che by ploy plication, of ſome natural productions, and operations. And the chings, by this 


means acquired, will, without changing their nature, ſerve us in different capaci- 
ties; thus, wine quenches thirſt, recovers a fainting perſon, and intoxicates: the 
ſame ſpirit of wine wherewith the phyſician draws his tinctures, and prepares his 
extracts, for medicinal purpoſes, will diſſolve benjamin, for the ladies; which, 
mix'd with water, makes an excellent coſmetic ; and the ſame ſpirit, when applied 
to the proper ingredients, produces ſeveral kinds of fine varniſh : the tincture of 
benjamin, likewiſe, is applicable to the ſame uſes, and is, itſelf, a pretty odorife- 
rous varniſh, and good againſt tettars, they being bathed —.— That, 
knowledge, and skill, may make happy applications, even of unpromiſing things, 


to the delight of mankind, appears, evidently, from muſical inſtruments; far, 


who wou'd imagine, did he not know it, that a few pieces of wood, joined to- 
her, and the guts of cats, or lambs, twiſted into ſtrings, ſhou'd, when arti- 
ficially Rruck, afford the moſt raviſhing pleaſure? I might, here, go uy in- 
3 ce 
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ſtance in the art of colouring, perfuming, confeRionary, and of preparing coſ- 
metics, &c. did I not chuſe to recommend philoſophy, from the pleaſure it 
affords the reaſon, rather than from the charm wherewith it bribes the ſenſes. 
Tho' what has hitherto been deliver'd, about the uſefulneſs of philoſophy to trades, 
belongs, chiefly, to thoſe wherein nature herſelf ſeems more concern'd than the 
artificer; 2 ſuch are not here exempted wherein art has the greateſt ſhare. 
Theſe, indeed, rather depend upon the manual dexterity of men, than a skilful 
management of nature's productions, by operating on each other; yet, even here, 
the naturaliſt may be ſerviceable. Many manual trades, eſpecially as exerciſed 
in large towns, conſiſt of ſeveral parts, and require other trades to prepare, and 
diſpoſe their materials, before they can be finiſh'd, and fitted for ſale. And, 
altho the finiſher performs his part, by means of his hands, and tools; yet, the 
ſubordinate workmen, uſually, ſtand in need of ſome obſervations on the condi- 
tions of the body they deal with, or muſt elſe employ ſome phyſical operation; 
and herein they may be, greatly, aſſiſted by an intelligent naturaliſt. Thus, 


ſtone-cutting, tho* it ſeem wholly to conſiſt in ſhaping its materials, contains d parricaleriy 
many particulars wherein I cou'd, eaſily, ſhew that experimental philoſophy wou d 


be beneficial. For unuſual methods might be diſcover'd, as I can teſtify, to exa- 
mine the nature, and goodneſs, of marble, alabaſter, or other ſtones. A com- 
petent knowledge of the ſap found in ſtones, to be employ'd/in building, is ſo 
neceſſary, that experienced maſter-workmen have aſſured me, that ſtone dug ar 
one ſeaſon, will ſoon moulder away, when the ſame ſort, taken out of the fame 
quarry, at another, will endure the weather for many years, if not ages. The 
cements, alſo, and ſtoppings, as they call them, which are of great uſe, in 
this trade, may be improv'd by one who is verſed in ſuch kinds of mixtures. 
I remember, I once taught an inquiſitive artiſt a fine cement, for rejoining bro- 
ken ſtatues ; who, by the like means, in other caſes, cou d counterfeit marble ſo 
well, that tho' large cavities were filled up with cement, the work wou'd paſs 
for entire; thoſe parts being undiſtinguiſh'd from natural marble. Want of cu- 
rioſity keeps our ſtone- cutters in England, unacquainted with the ways of work- 
ing upon porphire: for none of them will undertake, either to cut, or poliſh, it. 
Other countries, alſo, are ignorant herein; tho it was in great uſe among the 
Romans; and, even now, at Rome, there are a few who make a very great advan- 
tage of this art. I am not certain what they employ for that purpoſe, but be- 
lieve it to be powder of emery; for I have, in England, cauſed a porphire to be 
cut by means of that, ſteel ſaws, and water. Not here to mention, that I have 
an art to ſtain white marble with durable ſpots, ſmall or large, and of a red, or 
brown colour. Bur the art of ſtone-curting depending greatly upon the gocd- 
neſs of the ſteel tools, which they muſt have from the ſmith, and the dealers in 
iron; if theſe trades were improved, it wou'd tend to the perfection of the other. Ard, 
that the ſmith's craft, however manual it appears, may be meliorated by a know= 
ledge of nature, is not difficult to manifeſt. The ways of making iron, and 


ſteel, are not only improveable before they come to the ſmith's hands, but bet- be. 


ter expedients may, likewife, be deviſed for ordering them, when they come to 
be faſhion'd into weapons, and took. The ſword-blades, and other weapons, 
made at Dame, are, every where, famed, (and thatjuſtly, as far as appears _ 
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ſome trials I have made, ) for cutting aſunder, even, iron itſelf ; yet, it ſeems 
to be, only, the skill of the artificer that gives them this preheminence. Their 
goodneſs, indeed, might be preſumed to proceed from ſomething peculiar in the 
materials of that place, did not Bellonius inform us, they have no mines of their 
own; but receive all their iron and ſteel from other. countries; the artiſts giving 
them this temper and perfection. In tempering of ſteel, it is reaſonable to ſup- 
poſe, that, beſides the goodneſs of the metal, and the particular degree of heat, 
which is all the workmen * the nature of the fluid, or other body, where- 
in the hot metal is plunged; and other proper methods of ordering it, may, 
greatly, contribute to bring it to perſection. I have met with a graver of ſo ſur- 
prizing à temper, that all the known means, both I, and others, uſed, could 
not let it down; though no graver, made in England, could have with- 
ſtood us. This was, afterwards, affirmed to have tempered at Damaſco. 
I am acquainted with a way to harden gravers, without quenching them in 
any liquor, tallow, or unctuous body; and having recommended, to another, 
an uncommon method of tempering them, he brought me one, which, being 
plunged into a certain cheap mixture, had been harden d, and remper'd, at once. 
And, what may ſeem more ſtrange, tho' ignition, and extinction, in cold wa- 
ter, be the common way to harden ſteel; yer, by obſerving one certain mo- 
ment of time, ſteel may, by this means, be made, ſurprizingly, ſoft. But far- 
ther, a curious maker of ſteel-tools, told me, he obſerv'd a difference between 
the uſe of pump and river water, in giving them their temper ; each being fit 
for it's reſpective ſort. Beſides theſe, there are many other particulars, wherein 
iron and fleet are improveable by the naturaliſt. And, firſt, the metal may be 
render'd ſo ſoft, as, by means of ſtrong moulds, to receive variety of figures. 
This an eminent artificer aſſur'd me, he had ſeen done in iron, with conſidera- 
ble profit. Secondly, it may be render'd fuſible; and I, myſelf, with a charcoal 
fire, and a flux-powder, compos'd of tartar, ſulphur, — arſenic, have run it 
into an exceeding hard, and very poliſhable —. Thirdly, it may be ſo or- 
der d, as to continue, long, free from ruſt; and an ancient virtuoſo, who pur- 


chaſed the ſecret, for a great prince, uſed to ſhew ſteel, ſo prepared by tem- 


Philoſophy may in- 
trodmce new trad s. 


pering it in water, impregnated with the bark of a certain tree. In a word, 
there are various other means, whereby iron and ſteel, or the trades that uſe 
them, may be meliorated; for the naturaliſt may advance an art, or proleſſion, 
in abundance of reſpects; as, either, by diſcovering variety of materials, or, 
rendering thoſe already in uſe, better condition d; by detecting, and reforming, 
unheeded errors, or miſtakes ; by deviſing more eaſy, and compendious, methods 
of operation; by improving the auxiliary branches; by inſtructing the arrificer 
to chooſe, examine, and preſerve his tools and materials; or, laſtly, by ſhew- 
ing how to make the ultimate productions ſooner, cheaper, eaſter, or better; ap- 
plicable ro more uſes, or more durable than uſual; with other ſervices, too nu- 
merous here to relate. | 

But farther, a naturaliſt may, likewiſe, introduce new trades, as well as im- 
prove the old ones; and, that, either, by inventing them originally, or bring- 
ing them into requeſt, where they were unknown before: for neither nature, nor 


human invention, is ſo far exhauſted, as not to afford them, were philoſophy 


employ 
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di 
ving been, accidentally applied to human uſes, or made a buſineſs, by a com 
pany of arrificers, in order to their own profit; which are things extrinſecal and 
accidental to the experiment itſelf... Thus, for example, the jorroccafion'd 
by a mixture of nitre, ſulphur, and charcoal, whilſt it paſſed no than the la- 
boratory of the monk, the reputed inyentor of gun- powder, was only an expe- 
riment 3 but, when once the great uſe to be made hereof became more ge- 
nerally known, and people reſoly'd to make a buſineſs of improving, and ap- 
plying it; this ſingle experiment, at once, gave riſe to founders of ordinance, 
— engineers, and abundance of other trades. ben 
The diſcovery of the polar virtue in the load- ſtone, has occaſion'd a diſtinct 
trade, the art of compaſs- making: and many other inſtances, of the like kind, 
might be produced; eſpecially, where mechanical tools and contrivances conſpire 
with the diſcovery of natural productions; fo that, frequently, a very few mathe- 
matical theorems, or phyſical obſervations, reduced to practice, by the manual o- 
perator, become trades. Thus two or three dioptrical propoſitions, falling into mecha- 
nical hands, have introduced ſpectacles, teleſcopes and microſcopes. Quic k- ſilver be- 
ing obſerved to amalgamate with gold, and to be, again, ſeparable therefrom without 
diminution, — the art of gilding; which, principally, conſiſts in mixing, 
by means of a proper heat, pure gold with five, fix, or ſeven times it's weight 
of 2 it —— — + —— to ſpread upon the e — 
ign'd. For t being, this means, evenly overlaid, t 
. — fire, force — the — and, with a — by them call'd 
colouriſh, wherein nitre, verdigreaſe, fal-armoniac, and other faline bodies are 
_ _ it's luſtre to the remaining gold, which they, afterwards, make 
ight by poliſh 1 | 
he 15 —. obvious remark that a ſpring, phyſically conſider d, was 2 
continual and durable force, with it's corollary, that this force, properly applied, 
might balance the weight required to move the wheels of a clock, join'd to a 
ſuitable mechanical contrivance, —— thoſe uſeful machines call'd watches, 
which now afford a handſome ſubſiſtence ro many dextrous artificers; and which, 
tho' cuſtom has render'd them familiar to. us, were unknown to the ancients, 
and highly priz'd, and admired even in China, when firſt carried thither. 
The diſcovery that Agua fortis diſſoly'd ſilver and copper, but would not work 
upon gold, added to the obſervation, that lead, melted with either of the noble 
metals, and then forced from them, by fire, will carry off with it any of the 
baſer ſort, has, in latter ages, produced the art of refining. The operations of 
ſome Lixivia, clays, and a few other common things, upon the juice of the ſu- 
gar- cane, has not only added to the ancient husbandry, the cultivation of theſe 
canes, but given birth to the ſeveral trades of ſugar- boilers, ſugar-makers, refiners 
of ſugar, and conſectioners; not to mention the advantage it brings to the apo- 
thecary. But even a very flight contrivance, or manual operation, if it prove 
ſor:unate, may ſupply men with a trade, as we ſee in the art of printing. And 
the lucky trial made to bore very ſmall holes thro* broken China cups, with 
the uſe of ſlender wire, inſtead of * or ſilk, to faſten the pieces * 
Vet. I. 


d in the ſearch. We may here obſerve, that a trade, in many caſes, 
from an experiment, not ſo much in the nature of the thing, as it's ha- 
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has given being to the exerciſe heteof, as a vulgar trade in the Egfem coun; 
=o Their art, alſo, of varniſhing, or japanning, as we call it, which, depend- 
ing on a knowledge of ſome 2 and liquors in their country, employs mul. 
titudes of tradeſmen nog is, as I am credibly inform d, now practis d 
at Paris. A ng om Linchoten,| that in Chu and Ju, they made 
this excellent varniſh. m Lacca, I imitated one of the beſt ſorts of it, by 
diſſolving that gum, in highly rectified ſpirit of wine, giving it a colour, and 
lying it on in a particular manner. I might, farther, e, the art of cultiva- 
ting and A with the manner of ordering their juice, as a re. 
cent inſtance of che tranſplantation of arts and manufactures; for, as I am very 
credibly inform' d, it is not long ſince, that, in our memory, a foreigner, acci- 
dentally bringing ſome ſugar-canes, as rarities, from Brafl into Eurqe, touched 
at Barbatloes, where an Eng planter obtain'd a few of him, with ſome hints 
as to their cultivation 3 Which, by the curioſity and induſtry of the 
Engliſh colony there, were ſoon fo well improved, that the iſland became, and 
ſtill continues, able to ſupply Ewrgpe with ſugar. I am the more particular in 
_ © maya pun eg very: remarkable, and ſhews 2 hands = in- 
ion of a p cal art may employ: Negroes, who live 
as ſlaves upon — ſpot of ground, and are, almoſt wholly employ d in the 
ſugar- trade, amount to between five and twenty and thirty thouland ſouls, 
Nay, fo prodigiouſly advantageous & this new art, both to particular perſons, 
ap murray ali yg bo pig ru pared 
miles ip length, there are imported f. ten tun of ſugar, ea 
tun containing two thouſand pound weight; which amounts We Sam 
of pounds of that commodity. This account, tho it may ſeem incredible, I have 
had Agri from very my 8 | ; | 150 
Thus, then, it appears probable, that experimental philo may multip! 
trades, as well as improve 7 waa Nor do I defpair, that —.— pr — 
increaſing trades, one may be the retrieving of ſome that were anciently prac- 
tiſech but ſince loſt 5 of which the learned Haucirollus gives us a catalogue. For, 
as the skilfal diver brings up, not only pearls and coral, but, alſo, ſhp-wreck'd 
merchandize ; fo the experi philoſopher dives into the deep receſſes of nature, 
to recover inventions ſwallow'd up by the injuries of time, as well as to bring 
to light her hidden riches. wr hos e | 
But, {till farther, I am inclin'd to think, there is no profeſſion, condition, or, 
perhaps, individual perſon of the ſpecies, that may not, one way or other, be 
advantaged, or accommodated, were all the. truths diſcoverable by natural phi- 
loſophy, known and applied. So that, beſides thoſe inventions which are formed 
into trades, there may be a multitude of looſe particulars, whereby the natu- 
raliſt might highly gratify, and aſſiſt mankind. The nature of the thing will 
ſcarce permit me to illuſtrate this aſſertion, without deſcending to inſtances 
trifling in themſelves, if not contemptible; for which reaſon I'ſhall, here, con- 
tent myſelf with a few. roy. 8 1" 
A great lady, lately complaining that ſhe could not write, in the common 
way, without blacking her fingers ; I defir'd her to prepare her paper with a 
fine powder, made of about three parts of calcin d copperas, two of galls, and ww 
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—— which, being freſh mixed, and rubbed with a hare's ſoot, in- 
to | of the paper; when that came to be wrote on with fair water, 
it would, immediately, diſcover black legible letters. D | 
Having, ſeveral times, occaſion to make a word' or two, lately written, ap» 
pear a if wrined before, I lightly moiſten'd them with oil of tartar per 
deliquizm, more or diluted with fair water, as I deſired the ink to 
more, or lefs, decay*d. Another cleanly way of writing, without ink, is by 
rubbing the fine powder of exquiſitely calcin'd hart's-horn, clean tobacco-pipes, 
or rather mutton-bones, burnt to a perfect whiteneſs, upon the paper, and, 
then, uſing a ſilver bodkin, or the like, as a pen. A very ſimple and eaſy method 
of making white table-books, is to temper pulverized ceruſe, with a ſtrong ſoluti- 
on of arabic, in water, which, being brought to a thick conſiſtence, muſt 
be rubbed over the paper, and ſuffer d to dry. A very ingenious artificer, 
having contrived an uſeful engine, a neceſſary ur whereof was a glaſs, filled 
with fair water, and ſtopt, complaining that froſty weather, by freezing the 
water, broke his glaſs ; I adviſed him to uſe good ſpirit of wine, inſtead of 
the water, or, to ſave the expence of that, fea-water, ſtrengthen'd with a little 
fale ; or, laſtly, common ſpring-water, with a twentieth, or tenth part of ſalt dif- 
ſoly'd therein; for I have none of theſe, tho clear, to freeze in the ſharpeſt 
of our winters in Exgland. I. once, ſhew'd a perſon of quality an eaſy way 
to ſend a written meſlage, which the bearer could not diſcloſe : this, I per- 
form, by writing on the meſſenger's back, with a clean pen, dipt in my own 
urine; (but, to my ſurprize, the experiment will not ſucceed with that of eve- 
ry perſon) the letters appearing, upon rubbing thereon the black aſhes of burne 
A confection, made up with the pulp of floes, accidentally ſtaining a 
— tity of new damask, from the top to the bottom, by ſteeping it, for 
ſome hours, in new milk, and, afterwards, cauſing it to be carefully waſh'd in 
more of the ſame; the damask came out unſtain'd and white. Urine will, uſu- 
ally, take ſtains, even thoſe made by ink, out of linen; and with ſtrong 
ſpirit of ſalt I have done the fame ; firſt wetting the ſpotted places with fait 
water, whence, after waſhing, no iron-mole has remain d. Some ingenious per- 
ſons who deal much in Lixivia, and brines, complaining of inconveniences that 
attend the trial of the ſtrength of faline liquors, by means of an egg; for, to mention 
no others, the ſame egg will, by being kept, grow lighter, and, therefore, when 
ſtale, they have, uſually, a large cavity at the bigger end; I recommended to 
them the uſe of a piece of amber, for thar purpoſe, of what magnitude beſt ſuited 
their occaſions. Being once in a place where I cou'd not procure ſome 
vitriol, _ wanted; and obtaining, 22 ** N the rain had 
waſh'd from vitriol, or es, and, adding t a proper quan- 
7 OF made it 2 1— to Ce the meral; and by 
exhaling the ſolution, obtain'd the blue vitriol I wanted. And the like, 
I doubt not, may be done with all thoſe common green vitriols made of iron, 
wherein the ſaline part is not too much ſatiated with the ferruginous. A great 
dealer in cyder expreſſing a defire to be able ro make that liquor * as 
to keep longer than ordinary; I told him, to infuſe, for twenty-four in 
ten or twelve gallons of the juice of apples, about two buſhels of the ſame * | 
> —_— 4 0 
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of fruit; grofly bruiſed ; then, gently preſſing them, to repeat the infuſion ;- ob- 
ſerving not to make it too thick: and this ſucceeded - excellently. Searching 
accidentally in a dark place,. where ſtood ſome chymical glaſſes, I — nothing 
of, negligently ſtopped; and not wrote upon; one — to fall, and grievouſſy 
ſtain a new ſuit Ic had on: but judging, from the nature of the ain, that it pro- 
ceeded from ſome acid ſpirit; by ſearching about, and ſmelling to the remaining 
bottles, I found one that I gueſs'd, by its ſcent, to abound with volatile ſalt; 
and with this liquor I bath'd the ſtain d parts, which immediately reſtored them 
to their former colour. By the like means, alſo, I have preſently remedied the 
diſcolourations made in garments, hy fretting liquors; which wou'd, otherwiſe, have 
been thereby render d unfit for wearing. Diſcourſing, lately, with a ſtates- man, 
of the means whereby well-meaning perſons may be injured and defamed, I ſaid, 
there was a way to take clear out of a parchment-writing all the words it con- 
tain d, ſo that one might, by leaving the name, ſubſtitute what one pleas'd. 
And to fatisfy him hereof, I did, in a few. minutes, take off from parchment 
all _ — written — * 5 without — the — — 
to do this on paper with Aqua furtis; but that, by diſcolouring t ö 
gives a faſpicion of the trick. But, as for the argon way of — "4 
experiment, with. others of the like nature, which I have ſometimes, out of cu- 
riolity, ſucceſsfully. made; I. think it much fitter to conceal than communicate 
them; becauſe, ſhou'd they fall into rhe hands of perſons inclined to miſapply 
them, they might greatly diſturb human ſociety. A virtuoſo, having made a 
ſolution of gold, * the metal alloy d with copper, and therefore unfit for 
his purpoſe; I adviſed him to precipitate the gold by an urinous ſpirit, which it 
did, into a fine calx, while the fluid, remaining highly tinged with blue, betray' d 
the copper that had been uſed as alloy. 1 = 

1 Thal rrifling inſtances being more pertinent to my deſign, than others, in 
themſelves of greater value, is the reaſon, I have choſe them; nor ſhall. I, repent 
the mention of chem, if they ſerve to ſhew, that the meaneſt experiments may 
ſometimes be- uſeful, and better adapted to, convince ſtrangers to philoſophy of 
its numerous uſes, than thoſe; of a higher and abſtruſer nature. As, to know 
the uſe of a bladder of air, may be more ſerviceable to a pilot in a ſhip-wreck, 
than the moſt: hidden properties of the magnet; ſo, in ſome. caſes;, obvious and 
flight experiments prove vaſtly. more welcome and uſeful, than more conſiderable 
ones wou d at another time: ſo true it is, that every thing is beautiful in its ſeaſon. ' 
For my part, I cannot but hope, that natural philoſophy will prove daily more 
ſerviceable both to particular perſons, and trades themſelves; eſpecially if a farther 
enquiry be made, and thereby new qualities detected, and unheeded uſes of natu- 
ral and artificial philoſophy diſcover d. For whoever narrowly conſiders. it, will 
find, that trades,” at preſent, deal with but very few of nature's productions, in 
compariſon of thoſe they leave unemploy*'d ; and that, what they do make uſe of 
therein, are their obvious qualities, bating ſome few more ſecret properties 
which chance, or a lucky ſagacity, rather than skill and enquiry, have diſco- 
ver d; and, therefore, I ſcruple not to aſſert, that if men were thoroughly ſen- 
ſible of their own intereſt, and wou d carefully keep their eyes open upon the 
properties of things, and the application that might be made thereof, in _ 
ez 
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life; they might not only diſcover new qualities thereby, and ſo produce new 
trades, 2 — convert — to ſuch uſes as the inventor little imagin'd: and A 
of this I might produce various inſtances. 

To theſe general conſiderations, I muſt add, with regard to the following, | 
that the reader is not to expect a methodical enumeration of all the grounds and 
motives I have to expect great advantages from a future progreſs in the know- 
ledge of nature for I chooſe to confine myſelf ro what I can render probable by 
examples, and inſtances of that which is already acquired, or, very likely, ſoon will 
be. It muſt not, therefore, be imagin d, that I have overlook d all the particu- 
hrs pertinent to my ſubjects; nor that I — to ſet down all the induce- 
ments that might be brought to ſhew the uſefulneſs of experimental philoſophy. 
My deſign is only to render the expectations of advantages to be receiv'd from 
it probable; to do which, is taking a good ſtep towards the attainment of the 
things themſelves, as Sir Francis Bacon well obſerves. And I, the rather, endeavour 
to heighten mens expectations herein, becauſe many. there are, who, being bred up 
in the vulgar barren philoſophy, judge of all philoſophy by that ; and becauſe ſome 
moroſe authors, and deſpondent oo who have unſucceſsfully attempted to 
perform things deliver'd by unfaithful writers, fancy, and wou'd perſuade others, 
that nothing conſiderable is performable by natural philoſophy ; our forefathers 
having, if we credit theſe perſons, had the yu luck to hit upon all the profi- 
table inventions which philoſophy can afford mankind. It may here, alſo, poſe 
ſibly be expected that I ſhou'd treat particularly of the principal means whereb 
a naturaliſt might advance trades, and aſſiſt mankind to recover part of his lo 
empire over the works of nature. And I confeſs I have had thoughts of a pro- 
je& to advance experimental philoſophy, — ſuch heads as theſe. A pro- 
ſpect of what may probably be attain'd to by p iloſophy, both in theory and 
practice. A brief account of what is already obtain d thereby. The imperfec- 
tion of our preſent attainments. What helps we now enjoy. The inſufficiency 
of our preſent helps. The hindrances and cauſes of them. And, laſtly, the 
means and helps that may be applied. But I did not here propoſe a juſt trea- 
tiſe; only to regiſter ſome looſe and ſcatter'd experiments and obſervations. 
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ERE it allowable for none but great mathematicians to diſcourſe of ma- Te 
thematics, I might be accuſed of preſumption to engage in it; for the I.. 
authority of ſome famous modern — prevented my making any extraor- 
dinary progreſs in that ſtudy, by abſolutely denying it to be uſeful in philoſo- 
phy. But a knowledge far inferior to that of Archimedes, or Apollonius, may ſerve 
to ſhew the advantages of mathematics in the contemplation of nature. Leſt 
others, therefore, ſhou'd be influenced by the like authorities, I ſhall enter a lit- 
tle into this ſubject. I know the extravagant opinions of Kepler, and other great 
mathematicians, are pleaded againſt the uſefulneſs of mathematics in * — 
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loſophy ; yet, from reflecting ſeveral mechanical experiments, I diſcover'd 
= viele it might be thereto: and, therefore, I have often wiſhed, 
J had employ'd upon the theory moſt of that time I ſpent in the practical part 
of this ſcience. For a competent knowledge in mathematics is fo neceſſary to a 
philoſopher, that I ſcruple not to aſſert, greater things are ſtill to be expected 
from phyſics, becauſe thoſe who paſs for naturaliſts, have been y ignorant 
in that ſtudy . Now, mathematics may be, particularhy, aſſiſting to philoſoph 
in many reſpects beſides thoſe general 3 which they pur the mi 
of men, whatever be the ſtudies whereto they addict themſelves; and, conſequently, 
to the . For, in general, they make men accurate, and attentive to 
what they are about, by keeping their thoughts from wandering, and enuring 
them to patience in going thro* tedious and intricate demonſtrations; and thus 
they greatly improve the reaſon, by habituating it to deduce ſucceſſive conſe. 

uences, and judge thereof, without readily acquieſcing in any thing but demon- 
3 But the operations in algebra ſeem to afford one of the cleareſt exer- 
ciſes of reaſon; — being therein performable without ſtrict and watchful 
reaſoning ; whilſt the whole method, and the ſeveral ſteps, appear ar one view, 
when the operation is finiſh'd. Before I deſcend to the particular uſes of mathema- 
tics in natural philoſophy, let it be obſerved, firſt, that the phenomena which the 
mathematician concurs toexhibit, really come under the cognizance of the naturaliſt; 
for when matter is endow'd with qualities, the conſideration how it came by them 
relates rather to the agent or efficient, than to the nature of the body itſelf. 
Thus the image made by a mirror, tho' that be an artificial body, fas under 
the conſideration of the naturaliſt, as well as when the like image is preſented 
by calm land clear water; and artificial rain-bows have as juſt a title to his con- 
templation, as that form'd in the clouds. The ſame may be ſaid of echoes. 
And, indeed, ſuch kind of phenomena uſually require the fame ſolutions, whe- 
ther human skill intervene or no, in their exhibition. And ſecondly, that, as we 


formerly faid, man's power over the creatures depends chiefly on his knowledge of 


them; and therefore whatever ſerves to encreaſe his knowledge, is likely to 
nero his power. Theſe two obſervations being premiſed, I come to par- 
ticulars. 

Mathematics, then, teach men the nature and properties of figures, both in 
ſurfaces and ſolids, with the relation between the fuperficie and ſolidity of the 
fame body. Matter is, indeed, the ſubject of the naturaliſt's ſpeculations; but if 
all the operations thereof depend upon the modifications its local motion receives 
from the magnirude and figure of its parts, it cannot be doubted, but the knowledge 
of what figures are more or leſs capacious, more or leſs proper for motion, penetra- 
tion, reſiſtance, &c. muſt be of conſiderable ufe in explaining many phenomena of 
nature: but the doctrine of figures is wholly learnt from the * r who 
treat expreſly of triangles, circles, ellipſes, * hyperbolas, ſpheres, cones, 
cylinders, priſms, pyramids, cubes, & c. and thereby intimate the figures of other 
bodies compoſed hereof, or bearing ſome analogy to them. There are various 

* Nothing can more powerfully recommend | made by means thereof; and were without that 


the ſtudy of mathematics, than to know, that aſſiſtance impoſſible. 
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properties both of plain md ſolid figures, with their relations, particularly ſuch 
wherein motions — the 2 whereof may be of = uſe 4 to 
the ſpeculative and practical naturaliſt, To know the proportion which Archi- 
medes has demonſtrated between a ſphere and a cylinder; of both theſe to a cone; 
that a pyramid is the third of a priſm with the fame baſe and altitude; in a word, 
to know the proportions between the geometrical bodies, may be uſeſul in caſes - 
where one, and not another of them, is procurable. We have an inſtance hereof 
from Ghetaldus, who cou'd not procure an exact metalline ſphere, wherewith to 
examgpe the proportionable weight of bodies of the ſame bulk ; and therefore, 
in its ſtead, made uſe of a true cylinder, which was eaſily attainable ; having 
learnt from Archimedes, that a cylinder, whoſe baſe equals a great circle of a 
ſphere, and height, the diameter of the fame, is to that ſphere as three to two; 
ſubſtraing, therefore, a third part of the whole weight of his cylinder, the remain- 
der gave him the weight of the ſphere he deſired : and this being once obtain d, 
he | ans deduced the weight of other ſpheres he had occaſion to employ, in the 
conſtruction of thoſe tables, that have been greatly uſed by ſucceeding mathemas 
ticians. And I my ſelf have, alſo, made app'ications of this ſame theorem of 
Archimedes. Since Galileo and Torricelli have demonſtrated, that projeRis, in their 
motion, deſcribe a parabola; it muſt be of ſervice in the art of gunnery, and 
other caſes, to be well acquainted with the properties of that figure; which is, 
alſo, thought capable of performing wonders in Specula, .cou'd they be ground 
thereto : forall the rays of light, falling then parallel to the axis, they wou'd be re- 
flected from the ate to a point, or focus; where, if the glaſs, or metal, be 
large, the heat will be more intenſe, than from a ſpherical glaſs of equal magni- 
. But I ſhall not, here, inſiſt = the numerous diverting experiments to 
be made in catoptrics, by means of ſpherical, cylindrical, and he kinds of re- 
flecting glaſſes. 

Even pure mathematics, excluſive of the advantage it brings to the mixt, may —— 0. 
be greatly uſeful in human life, and to experimental philoſophy. The properties 
of arithmetical and geometrical progreſſions, in 3 ſeem foreign to the bu- 
ſineſs of ſhops and ware - houſes; yet, by a knowledge of the double progreſſion, 
beginning with an unit, as, 1, 2, 4, 8. wherein the conſequent is 1 — dou- 
ble to the antecedent, much trouble and expence may thereby be ſaved; for, with 
three weights, all the pounds from one to ſeven, incluſive, may be weigh'd; and 
with four, all thoſe not exceeding fifteen : and from this obſervation proceeds 
the diviſion of ſome ſets of weights uſed by our goldſmiths. But if weights 
are to be uſed in both ſcales, to reduce them to an equilibrium; the triple pro- 
greſſion, as, 1, 3, 9. has a more notable property, from the conſideration whereof, 
Stifelizs concluded, that, by three weights, any number of pounds may be weigh'd, 
from one to thirteen, incluſive; with four, any number from one to forty, in- 
cluſive; with five, any not exceeding a hundred and twenty-one; and with only 
ſix weights, all the pounds ſrom one to three hundred and ſixty four. But the 
method of ordering ſo few weights, to ſerve ſo many purpoſes, is beſt found our 
by algebra; and being as well applicable to the parts of pounds of different deno- 
minations, it may be ſerviceable to thoſe who make ſtatical experiments. The 
Regula combinatoria, likewiſe, tho' not fully explain d by the modern * 
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will, if I miſtake not, when ſymbolically managed, and skilfully applied, be very 
ſerviceable to the naturaliſt, on certain occaſions. 
In froming he- We may next obſerve, that mathematics will greatly aſſiſt the natural:ſt in 
Dat framing hypotheſes, and judging of thoſe advanced by others. What wretched 
theories even famous naturaliſts may run into for want of this knowledge, appears 
from the accounts which Epicurus and Lucretius give us of the celeſtial bodies, 
And, indeed, what ſatisfactory account can be given of the varying lengths and vi- 
ciſſitudes of days and nights, eclipſes, the ſtations and retrogradations of the planets, 
and other aſtronomical phenomena, without mathematical knowledge? And with- 
out the doctrine of the ſphere, what naturaliſt can tell, which is the true ſy ſtem 
of the world, the Prolemaic, Tychonic, or Copernican? Without arithmetic and 
geometry no knowledge can be had in aſtronomy, eſpecially not of the intricate 
theories of the planets; yet, this ſcience cannot be too highly prized, that tells us 
our earth is but as a center to the immenſely diſtant ſphere of the fixed ſtars. 
ben we he uſefulneſs of pure mathematics to geography is evident; and, ſurely, no 
world, inquiſitive perſon will deſpiſe arts, which, alone, can ſhew us, whether the earth 
ve inhabit moves, or ſtands ſtill. But there are various phenomena, of nature, 
neither aſtronomical, nor geographical, wherein the uſefulneſs of mathematics is 
viſible ; for, as to phenomena of viſion, what a pitiful account have we of it 
from the Ariftorelian philoſophers, phyſicians, and even famous anatomiſts, who 
were ſtrangers to geometry, in compariſon of the modern mathemaricians ? And 
Whoever is acquainted with dioptrics, muſt be ſenſible, that a knowledge of the 
„ roperties of convex bodies, the laws of refraction, and the doctrine of conic 
ſedlons, are required to explain moſt of the phenomena in viſion. A ſtran 
to this part of mathematics will ſcarce underſtand the admirable ſtructure of the 
eye; how the cry ſtalline humour refracts and converges the rays of light that 
come from the object, to paint the picture upon the Retina, in the bottom of 
the eye; why that picture, by reaſon of the croſſing of the rays, is there 
inverted, tho the objects themſelves appear erect; why ſmall objects, placed near 
the eye, and ſeen under a greater angle, ſeem as large as bigger, that are more re- 
mote therefrom; and much leſs will he comprehend the reaſon of many deluſive 
 _ © appearances exhibited by concave, convex, conical, and cylindrical glaſſes. 
The coirine f And ſince from the magnitudes of different bodies, or the various parts of the 
| - fame, and their degrees of velocity in motion, a certain relation will ariſe, called 
ratio, or proportion, the doctrine whereof is the nobleſt part of mathematics; 
he, who is not indifferently skill d in this ſcience, has hid but a poor foundati- 
on for philoſophy. The fifth book of Euclid's Elements, where the doctrine 
of proportions is principally deliver'd, may, perhaps, prove more inſtructive to a 
' naturaliſt, than the fifth book of Ariſtotle s phyſics. No wonder, then, that 
' Plato, by an inſcription placed over the gate of his ſchool, forbid entrance to thoſe 
unskill'd in geometry; as being unfit to judge of what he raught Nay, there 
are ſome conſiderable phenomena of nature, which will remain unintelligible to 
thoſe who know nothing of the doctrine of proportions. Thus, when *ris ſaid, 
in optics, that light decreaſes, in a duplicate proportion of its diſtance from the 
illumin'd body, a perſon unacqua.ntcd with proportions cannot affix any meaning 
to this theorem; much leſs cou'd he know the truth thercof. So when the ſam? 
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propoſition is by Aerſennus applied to ſounds, a common reader wou d remain in 
the dark, did not the author add, by way of explanation, that if, for inſtance, 
the ſound of a piece of ordinance be heard at a league's diſtance, the ſaid ſound 
wou'd be heard four times ſtronger at the diſtance of half a league. Nor will 
this example itſelf give ſuch a reader, as we ſpeak of, a clear idea of the propoſi- 
tion, We have a more conſiderable inſtance of this kind from the noble dif- 
covery made by Galileo, that when a heavy body deſcends in the air, the ſpaces 
thro which it paſſes, are, from the beginning to the end of its fall, in a dupli- 
cate ratio of the equal parts of time ſpent in falling; for he obſerved, that a braſs bullet, 
of an hundred pound weight, deſcended, in the ſpace of one minute, an hundred 
Florentine cubits, or one hundred and eighty Engliſh feet; but then it falls in ſuch 
a ratio, that it's __ encreaſes in a on of odd numbers, beginning 
from an unit; ſo that if in the firſt moment the weight fall one fathom; in the 
ſecond, it will fall three; in the third, five; in the fourth, ſeven, c. whence 
Aerſennus gives this general rule: © if the times be given to find the ſpaces, ſquare 
« the former, and you'll have the ratios of the latter; but if the ſpaces be given 
« to find the times, the root of the ſpaces will give the ratio of the times.” 
Another inſtance, to ſhew the uſe of mathematics to a naturaliſt, may be taken 
from ſtatics, where, in the balance or lever, the proportion between equivalent 
weights, and their diſtances from the prop, 1s reciprocal; whence, with 
the ſtilyard and a _ weight , a conſiderable number of pounds may be 
weigh'd. But this grand theorem with others, that alſo ſerve to explain the phe- 
nomena of motion, cannot well be underſtood without an inſight into geometry, 
and the doctrine of proportions. And that mechanics may vaſtly aſſiſt the na- 
turaliſt, will be readily allow'd, when tis known how many of nature's works 
are engines, and operate accordingly. 

The doctrine of proportions, as it is the ſoul of mathematics, ſo it may be- 
come prodigiouſly ſerviceable in philoſophy alſo; and that not only by aſſiſting 
the naturaliſt to underſtand, as we have ſeen, many phenomena of nature, but 
25 it may enable him to perform what he otherwiſe cou'd not. The pendulum 
is the moſt accurate inſtrument we, at preſent, have for meaſuring ſhort ſpaces of 
time; but he who wou'd know the due length of one to ſwing any determinate 
ſpace, as half a ſecond, for inſtance, muſt find it out by trial and obſervation, 
unleſs he be acquainted with the doctrine of proportions; whereas, if that be un- 
derſtood, and the phenomena of pendulums, he may, from the length of one 
that meaſures a known part of time, deduce the length of others to meaſure dif- 
ferent parts thereof; without Re any new trials or obſervations. Thus, ac- 
cording to Merſennus, a ſtring, with a buller fix'd to the end of it, the length 
whereof, including the bullet, is three feet and a half, vibrates feconds; * — it 
is a known theorem, that © pendulums, alike in every thing but length, have 
« their lengths in a 1 proportion of their reſpective times of vibration, 
6e or as the ſquares of their vibrations in the ſame time; whence the times are 


in a ſubduplicate proportion to the lengths of the pendulum : if a pendulum, 


According to M. Huygens, the length of] prop. 275. Or, according to common ule, 

the pendulum that vibrates ſeconds is 3 French] among us, 39, 2 inches, 
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therefore, were defired to vibrate half ſeconds, it muſt nor be a foot and three 
arters long, which is half the length of one that vibrates whole ſeconds; for 
Git wou'd 2 much too long; nor cou'd it ſometimes, for want of a ſtandard, 
be diſcover d how great the exceſs was: but as the proportion between a ſecond 
and half ſecond is double, and the proportion between the length of the two ſtrings 
muſt be duplicate of that of the times; it follows, that the length of the ſtrings 
muſt be, as 4 to 1, which is duplicate of 2 to 1; ſo that the ſtring, to vibrate 
ſeconds, ought to be but a fourth of the length of the other. And this appears 
from other calculations, and experience iſelf 
The art of compoſing the vaſt variety of tunes that render muſic ſo delight- 
ful, depends upon the doctrine of proportions; and whoever is well skill'd herein, 
and can apply it to notes or words propoſed, according to the obſervations of 
the gratefulneſs of particular conſonancies, may of himſelf compoſe a great vari:ty 
of new and pleaſing tunes, which are ſo many inſtances of his power. | 
Mathematics may = Pcrhaps, alſo, math-matics may ſuggeſt to the naturaliſt many new experiments 
whereby to vary thoſe already made concerning the figures of bodies, the lines 
| of motion, numbers, proportions, and the like; for 'tis probable, that ſuggeſt- 
ed experiments as wou'd either be overlook'd, or unskilfully propoſed, for want 
of mathematics, will either immediately, or by means of their applications, 
rove ſerviceable to mankind. What numbers of experiments and obſervations 
in the deſtructive art of gunnery have been propoſed and made from hints ſug- 
geſted by mathematicians? * But theſe I leave, and come to their leis pernicious 
diſcoveries. Pure mathematics have help'd to diſcover, and dcrive from fami- 
Lar obſervations, a great —. phenomena. From obſerving, that the rays of 
light are refracted in paſſing thro different mediums; and that, in particular cir- 
cumſtances, the ſun and moon will be eclipſed at particular times, very conſide- 
rable deductions have been made by mathematicians in optics, aſtronomy, geo- 
graphy, navigation, and chronology. And whoever conſiders the doctrine of 
proportions, of concords and diſcords, with the great number of muſical inſtru- 
ments they have occaſion'd, and the other kinds of hints they may afford; and is, at 
the ſame time, acquainted with thoſe ingenious and uſeful experiments in optics, 
derived from obſerving that the angle of incidence made by the rays, is equal to that 
of reflection; that on curve ſurfaces the angle may be eſtimated as made by a 
tangent thereto; that the rays paſſing from a rarer medium into a denſer, are 
refracted towards the perpendicular; but, out of a denſer into a rarer, from the 
pe icular; whoever, I fay, conſiders all this, and how great a * of pro- 
poſitions have, by the mathematics, been deduced from theſe few obſervations, 
cannot but grant what, by ſo many inſtances, I have endeavour d to ee + To 
conclude this ſubject; many practical points of doctrine reckon'd among mixt 
mathematics, may aſſiſt the naturaliſt in making experiments and obſervations, 
which he cou'd either not ar all, or but 1 ly, make without them ; thus, 


for a complete theory of the whole art of | + Upon theſe, and a few other properties of 
gunnery, deliver'd in a few propoſitions, ſee light, demonſtrated by others, and taken for 
Philoſ. Tranſ. Ne 179. p. 9. Or, rather, the granted by Sir Iſaac Newton, that ꝑrea oy 
poſthumous works of Mr. Cotes, lately publiſh- ſpher, has raiſed his wonderful theory of light 

ed by his worthy ſucceſſor in the Plumian chair. and colours. : 
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dialling, for inſtance, teaches to meaſure time, and tends chiefly to 2 the 
art of per{peRive is of great ſervice in repreſenting ſolids and diſtances upon 
{mall and plain ſurfaces; as alſo in limning : and with this both ſcholars and tra- 
vellers wou'd do well to acquaint themſelves, in order to repreſent and adorn 
the hiſtory of nature, and ſeveral parts of navigation. But if it be undeni- 
abe, that in theſe, and other inſtances, mixt mathematics are of uſe to the na- 
turaliſt, and enable him to extend the empire of mankind ; *tis certain, that pure 
mathematics muſt be ſo too; ſince tis from the theory, that not only theſe more 
practical parts are derived, but a greater number of mixt mathemat.cal ſciences 
may take their rile, Muſic conſiſts of pure mathematics and ſounds, hydroſta- 
tics of mathematics and water; ſo that by an union thereof, with other ſubjects, the 
doctrines of mixt mathematicks will probably be advanced, both in number and 
uſefulneſs. Nor is it only upon the foreſaid parts of learning wherein uſeful ap- 
plications of pure mathematics may be made: other ſciences have a great depen- 
dance on theſe ſublime ones, and particularly thoſe which, in a large ſenſe, are 
call'd mechanical, whereof we come next to treat. NR bd 


— 
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Y mechanics, I underſtand not ſimply the doctrine of the moving powers, M-chanics i 
or the method of improving force, and forming engines; but in general, $7,” nataral 


all thoſe parts of knowledge that conſiſt in the application of pure mathematics 
to produce or modify motion in bodies. * That this ſcience, therefore, is 


— 


 * Tis a juſt notion of mechanics which 
Sir Iſaac Newton delivers in the preface to his 
admirable Principia. © The ancients,” ſays that 
great author, made two kinds of mechanics, 
* — practical. Fer the manual 
* operator, uſually per forming his part inaccu- 
* — gave — to diſti ah between 
% mechanies and geometry, and fo to refer 
t vvhatẽ ver is & to the latter; but what 
* is leſs perfeck,/ to the' former. The error, 
„ however, is not owing to the art, but thoſe 
* who practiſe it. Whoever works inaccu- 
« rately, is an imperfect mechanic; but cou'd 
* 2 man perform to the utmoſt exactneſs, he 
« wou'd — perfect mechanic. To deſcribe 
« right lines and circles, in which geometry is 
founded, belongs to mechanics; and geome- 
try does not teach to draw them, but ſup- 
« poſes them to be drawn; for it requires that 
« the ſtudent ſhou'd exactly deſcribe them be- 
fore he enters upon geometry; and afterwards 
* ſhews how problems may be ſolyed by means 
« of theſe operations. To deſcribe right lines 
and circles are probleme, but not geometri- | 


+ cal ones; the ſolution of them being ſup- 


4 „ 


4 from mechanics, and their uſe, when 
ſolved, taught in geometry. Geometry, 
therefore, is founded in the practice of me- 
« chanics, and is only that part of univerſal 
mechanics, which with accuracy propoſes 
and demonſtrates the art of menſuration. 
« But manual arts being principally employ'd in 
e giving motion to bodies, geometry is com- 
« monly confin'd to magnitude, and mechanics 
« to motion. And in this ſenſe rational me- 
“ chanics is an accurate exhibition and demon- 
« ſtration of the doctrine of motions, from 
e whatever powers they proceed, and of the 
« powers neceſſary to motion. 

The effects of machines,” ſays that excellent 
mathematician C. Holſius, © following upon their 
« ſtructure by unalterable laws of nature, all 
« operations of bodies are call'4 mechanical, be- 
« cauſe they act agreeably to their ſtructure, 
« and the eternal laws of motion. He, there- 
fore, is a mechanical philoſopher, who plain- 
« ly ſhews, by the laws of motion, how the 
t effects of things follow from their ſtructure,” 
Wolfij Element. Mechan. p. 642. 


R 2 | greatly 
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greatly advantagious to experimental philoſophy, and to enlarge the empire of 
man, appears, in that many of thoſe things — ſhewn to 2 2 
uſeful to the naturaliſt, may, mutatis mutandis, be underſtood here alſo; tho' this 
ſcience has ſome peculiar advantages. To come to particulars. The phenomena 
of this doctrine to the hiſtory of nature in its full extent, and therefore 
challenge the naturaliſt's conſideration; ſo that being thoroughly underſtood, we 
may well ſuppoſe it will greatly contribute to the advancement of his know- 
ledge, and conſequently. of his power. Thus, for inſtance, when a piece of 
wood in water emerges and floats, even vu gar naturaliſts think it belongs 
to them to account for this phenomenon, which they fancy proceeds from the 
poſitive levity of the wood; tho ſome woods that ſwim in water, may fink in 
oil or ſpirit of wine. And may not a philoſopher find out the reaſon, why one 
part of floating wood keeps above the ſurface, whilſt the other finks beneath it; 
and why the extant part of different kinds of wood bears different proportions 
to that immerſed, in the ſame or different waters? For if theſe, and the like 
phenomena, be carefully examin'd hydroſtatieally, the cauſe thereof will not only 
appear: but alſo, by applying that diſcovery, an eaſy way is obtainable to eſtimate 
Aare, frag of ſalt· ſprings, brines, and lixiviums, with other practical 
corollaries. 


Jt fag F. Mechanics, alſo, help to invent, and judge of hypotheſes relating to the ſub- 
Spetieſcs. jects wherein mo concern'd. This appears not only in the ſcrew, the crane, 
the balance, &c. but in many familiar phenomena, wherein this doctrine is uſually 
. thought little concern'd ; as the bearing a pike,” or muſquet, on the ſhoulder; the 
force of a {troke given with a long or a ſhort inſtrument, or held it in a par- 
ticular poſture ; the power of a ſhip's rudder ; the rowing of boats; the break- 
ing of wood; with a multitude of other common and obvious inſtances, whereof 
mechanics will furniſh us with a better account than the ſchoolmen, and ſuch as 
are ignorant of the properties of the centre of gravity, the ſeveral kinds of le- 
vers, the wedge, Cc. — . | 
And folve pheno- Zut there are many things in phyſics that cannot be well explain d, nor un- 
mera; © a- derſtood, without the aſſiſtance of mechanics; for, abundance of phenomena, the 
Hatics, phyſical cauſes whereof may be aſſign d by the naturaliſt, cannot be juſtly and 
operly deliver'd without a knowledge in ſtatics, hydroſtatics, &c. as appears 
y the above-mention'd examples of the floating and ſinking of wood in water; 
for, were the reaſon of this appearance demanded of a ſchool-philoſopher, he 
wou'd anfwer, that wood, abounding with air, an element much lighter than 
water, that detains it upon the ſurface of the fluid. But this reaſon is not ſatiſ- 
factory to a naturaliſt verſed in hydroſtatics. For, not now to examine whether 
was ſuch a thing as poſitive levity, or whether the air poſſeſſes that quality, 
experience ſhews, that tho* when wood is lighter than an equal bulk of water, 
it will ſwim; yet if it be heavier, it ſinks therein; as guaiacum, wherein I the 
rather chuſe to inſtance, becauſe the chymiſts obſerve it leaves leſs aſhes (in which 
the terreſtrial and heavy parts are ſuppoſed to reſide) when burnt, than other 
woods which float on water. Tron and ſtones, by reaſon of their weight, are 
thought to contain little air, yet they riſe or float if immerſed, or Oy. in a fluid 
ſpecifically heavier than themſelves; as any one may try with quick-ltlyer or melt- 
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ed lead; from whence it appears, that the predominancy of the air need not be 
regarded in bodies, when conſider d as to their ſinking or ſwimming in a pro- 
poſed fluid. And tho” air were admitted as the cauſe of a body's floating, it 
cou'd only be a remote one; the immediate cauſe vm. ary the body is lighter 
than an equal bulk of the fluid; and, therefore, the ſame body, without acquiring 
or loſing air, may ſwim in one water, and fink in another; as loaded ſhi 
have been found to do upon coming into freſh water: and an egg thar ſinks in 
common water, will be ſuſtain d in ſtrong brine. Nay, a body may be fo poiſed, 
as to fink if the fluid grow warm, emerge again when that becomes cold. 
Bur if the levity of the air cannot account for the floating and finking of 
wood, much leſs will it afford a fatisfaRory reaſon, why different kinds of wood, 
in the ſame water, or the ſame kind in different waters, will {ink to a certain 
depth, whilſt this phenomem is eaſily ſolved from hydroſtatics; for, according 
to Archimedes, & ſolids lighter than the fluid they are put in, will fink, till a 
« quantity of the fluid equal in bulk to the part immerſed, becomes equal in 
« weight to the whole floating body; from whence flow theſe corollaries. A 
floating body bears the ſame proportion in weight, to a quantity of fluid equal 
to it, in bulk, as the immerſed part of the body bears to the whole of the fame 
body. A quantity of fluid, equal in bulk to the whole body, has the fame pro- 
rtion, in weight, to the faid body, as the whole body has to the part be- 
w the ſurface of the fluid. And as theſe corollaries determine the proportion 
between the immerſed and extant part of the floating body, they ſuggeſt a way 
of contriving a ſmall and light floating inſtrument to meaſure the different gra- 
vities of ſeveral liquors. And hence, alſo, Stevinus ſhews, that if rhe part of a 
floating body immerſed in a fluid be known, together with the ſpecific gravity 
of that fluid, the weight of the whole ſolid, how large ſoever, may be deter- 
min'd. Thus, ſuppoſe the part of a ſhip lying under water be 100,000 cubic 
feet, and that each cubic foot of water weighs 70 pound, multiply 100,000 by 
70, and the product, 7,000,000, gives the weight of the ſhip, and whatever is 
contain'd therein. Ask a mere ſchool-philoſopher, why ſucking-pumps will not 
raiſe water above the height of 4o feet; or why, when a proper quantity of 
water and quick- ſilver is poured into an inverted ſyphon, the ſurface of the water 
in one leg will rife vaſtly higher than the ſurface of the quick- ſilver in the other; 
or, laſtly, why, tho” a piece of iron, and another of marble, be pt as 
in the air, the metal appears much heavier than the ſtone when the ſcales are 
plunged in water; and, I fear, he will hence receive more perplexity, than you 
ſatisfaction. It were eaſy to add a multitude of queries whereof a naturaliſt, 
2 in mechanics, cou'd give but a very poor ſolution; which yet the me- 
chanic wou'd ſatisfactorily anfwer. And for hereof, I refer the ſchoolmen 
to Ariſtotle's mechanical queſtions. But to ſhew, that ſome phyſico-mechanical 
phenomena are unintelligible without a knowledge in mechanics, I ſhall produce 
a conſiderable theorem in hydroſtatics, thought to be firſt deliver'd by Merſenuus. 
« The velocity wherewith water deſcends and runs from tubes of equal bores, 
& but unequal heights, is in a ſubduplicate ratio of their heights: whence we 
have this corollary, that ſuch tubes are in a duplicate ratio of the velocity of the 
Tr 
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tube of the ſame bore with another, run, in equal times, twice as much water 
as that other, the former muſt be four times the length of the latter. 

And as was ſaid of mathematics, ſo alſo mechanics will aſſiſt the nataraliſt to 
multiply experiments by the enquiries they will ſuggeſt, and the inferences and 
applications whereto they lead. Hereof we have a noble inſtance in the Torri. 
cellian experiment, wherein almoſt every year produces new diſcoveries. Merſen- 
and, alſo, has ſupplied us with abundance of new propoſitions in baliſtics. But 
Galileo affords us ſtill more noble examples, relating to the reſiſtance of bodies 


in breaking; the force required to break them; and the length whereat their own 


weight will do it; which, he has reduced into an art, *T were needleſs to add 

er particulars on this head, conſidering what a variety of uſeful propo- 
fitions have been deduced, and are ſtill mechanically deducible, from that obſer. 
vation of Archimedes, e that a ſolid body weighs leſs in water, than in air, by 


the weight of a quantity of water equal, in bulk, to that body.” And that 
many mechanical theorems are fertile both in other propoſitions and uſeful appli- 
cations, I may hereafter ſhew, by the uſes I myſelf have made of this very pro- 


xofition, and its corollaries. 

As for the peculiar uſes of mechanics, they conſiſt in the making proper in- 
ſtruments and tools for experiments and obſervations; and of this we have a te- 
markable inſtance in the mariner's compaſs, whence the benefits of navigation are 


derived. Baptiſta Porta, and others, aſcribe the diſcovery of the needle's directive 


faculty to Amalphi, a Neapolitan; yet that author owns, that for want of our 
_ contrivance, this lucky inventor uſed a piece of wood, or ſtraw, to keep 
is needle afloat ; which was a very inconvenient ſhift: and had mechanics never 
ſupplied us with a way to . needle, ſo as to keep it horizontal, not with- 
ſtanding the rolling motion of the ſhip, the effect of the load-ſtone wou d 
have continued very inſignificant to the diſtreſs'd pilot. Tis mechanics, 
alſo, that, by means of the centrobarric doctrine, has enabled us to make the 
dipping-needle; whoſe phenomena are [very odd: and tho', as far as I have try'd, 
they ſeem uncertain; yet it may very poſſibly happen, that farther obſer- 
vation will reduce them to ſome theory, productive of practical inferences. * 
Thar centrobarrics may be of immediate uſe, will appear more credible, if, 
as writers of unſuſpeRed veracity aſſure us, a kind of lamp has been made, and 
poiſed ſo, that tho? rolled about like a bowl, the oil will not be ſpilt, nor the 


* The dipxing-needle ſeems, ſince the time | affects needles of a foot in length, is to that of 
of Mr. Boyle, to have been applied to little elſe | gravity, nealy as 1 to zoo; that the quantity 
than the diſcovery of iron-mines; till Mr. ¶ hiſton | of magnetic power, accelerating the fame dip- 
happen d to conſider it, and attempted to apply | ping-needle, s it ofcillates in the fame vertical 
it to a much more noble purpoſe; the diſcovery | plains, is as the co- ſines of the angles made by 
of the longitude at ſea. He obſerves, that if it | thoſe plains, and the magnetic meridian, taken 
be 6 inches radius, of a priſmatic or cylindrical fi- on the horizon; and, that the times of oſcilla- 
— and oſcillates along the magnetic meridian, it | tion and vibration in dipping and horizontal 
e performs every mean oſcillation in about 6”, | needles, equally good, are as their lengths di- 
and every {mall one in about 5”; but that if it be | rely; and the actual velocity of their points 
4 feet long, it makes every mean oſcillation in | along their arcs always equal. See Whiſton's 
about 24, and every ſmall one in about 22”; that | Dipping-Needle. 
the force of magnetiſm in this country, as * 
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| game extinguiſh'd. To remedy the inconveniences of Cardas's lamp, I con- 
trived one after the following manner. 

ABCD, is a veſſel of latton, well ſolder'd every where. 

| BC, EF, are two bottoms ſolder d to that veſſel. 

: FG, is a pipe ſolder'd to the bottoms ; and whoſe aperture is in the great ca- 
vity FA. | 

A 2 is a hole in the pipe FG, opening between the two bottoms, B C, EF. 

| J. is another hole, to which is ſoder'd a pipe JG, bent upwards, at G. 

PP, is a little veſſel fit to r eceive the wieck of the lamp. 

LM, is a ſlender pipe, open at both ends, and ſolder'd to the cover AD, 
in L; and to the bottom EF, in MA. So that by this pipe the external air 
may communicate, between the two bottoms, without penetrating into the ca- 
vity AF, 

. 5 is a ſhort pipe, ſolder d to a hole in the cover AD, whereby oil ay be 
poured into the cavity AF, and that be ſtopp'd afterwards very cloſe with cork. 

For the filling up of this engine, you muſt ſtop the aperture G, of the pipe 
IG, with a long pin fitted for that purpoſe; and the upper end of the pipe LA. 
muſt be opp d too; then pour in your oil by the aperture N; which done, 
the fame aperture V, is to be ſhut up exactly, and both the other to be open 
ed, viz, G, and L. Then the oil, through the pipe, 76, will run and fill the 
veſſel P, till irs ſuperficies is in the fame level with the hole H. and no more, as 
might be eaſily demonſtrated. 

Now it is eaſy to ſee that this lamp is free from all the inconveniences which 
the lamp of Cardan is ſubje& to; for | 
1. The air doth not get into it by ſtarts or gluts, as it doth in Cardav's 
mp; but when the oil in PP, being waſted by the flame, comes to have its ſu- 
perficies lower than the hole I, the oil from the cavity AF, runs into PP, 
gently, becauſe its place left in the cavity. AF, is eaſily ſupplied by the exter- 
nal air, which through the pipe LA, and the hole H, gets up into the ſaid 
cavity AF. 

2. When the air contained in the cavity AF, comes to be rarify'd by ſome 
heat, it drives out much oil, and fo is able to choak Cardan's lamp: but in this, 
the oil being thus driven out, gets into the ſpace between the two bottoms, as well 
a5 into the veſſel PP. Now the faid ſpace between the two botroms, by rea- 
ſon of its largeneſs, receiving twenty or thirty times more oil than the veſſel 
PP; it follows, that the ſuperficies of the oil therein riſeth twenty or thirty times 
leſs than if all the oil had driven into the faid veſſel, Therefore, when we 
fill the lamp, we muſt take care that the pipe Z, be well ſhut, fo that the 
air between the two bottoms, finding no iſſue, may keep the oil from filling that 
2 which by this means, when the hole L, is open, will be fit to receive 

e oil driven out by the rarifaction of the air in the cavity AF. 

3. The oil being always kept at the ſame diſtance from the flame, the wieck 
will not be quickly conſumed. 

4. We here have the conveniency to put new oil into the lamp, without 
moving or extinguiſhing the ſame; for we you need but ſhut up G, and T, and 
pour the oil through AV; as was faid before. 
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- Ba ar t From knowing that compreſs d air has a ſpring whereby it reſiſts farther com: 
preſſion, and by a ſlight contrivance to apply this pneumatical principle, an ac- 
uaintance of mine made an engine, wherein he cou'd dive to the bottom of 
| the ſea, and there continue ſometimes many hours, till wrecks, or things of va- 
lue, were found, and cables tied to the ſunk guns of ſhips, which were afterward 

buoy'd up. * And by this means he acquired great riches. 
And the oſe and But ſo many examples might be given of mechanical inſtruments and tools uſe- 
ies, Jace, ful to the naturaliſt, that it wou d be tedious to enumerate them; nor is it ne- 
model, & . cCeſſary, ſince the ſhops, by exhibiting them, may well fave us the labour. But 
as a knowledge in mechanics helps the naturaliſt to proper inventions, according 
to his ſeveral purpoſes, ſo one good contrivance may equal, and, perhaps, produce 
many uſeful experiments. He muſt certainly be a dull naturaliſt, who can know 
the properties of the centre of gravity, of levers, balances, ſcrews, wedges, Cc. 
and, by Frequenting the ſhops, have ſeen various engines to- anſwer different de- 
ſigns, and not be able, by compounding, varying, and improving them, to deviſe 
means he wou'd otherwiſe not have thought on, to make new trials, or to repeat 
the old ones with more accuracy, eaſe, and ſome other advantages. And, that a 
good mechanical contrivance may be as valuable as many particular experiments, 
will appear from examples. To valves, tho” a flight and obvious invention, we 
owe not only a great variety of pumps, and bellows; bur they alſo make very 
conſiderable parts of many other engines; and may, as ſome trials have inform'd 
me, be employ'd in ſeveral new experiments; eſpecially when made of braſs, and 
ſo ſmall, as ſome I have obtain'd from skilful workmen, that they may be uſed 
in little glaſs-pipes and ſyringes. By means of ſmall valves, and the knowledge 
of the ſpring of compreſs d air, wind- guns have been contrived ; which ſerve to 
ſhew the weight of the air, as well as to kill deer, or other game; without 

frighting away the reſt by any report. 

2Matheratics nd But, methinks, both mathematics and mechanics have been too much confin'd 
3 to the ſtars, the earth, the water, and ſome few conſpicuous parts of nature be- 
| opplccrio. ſides; whilſt they might be extended by a philoſopher to various other produc- 
tions, both of nature and art. Thus Archimedes deduced hydroſtatics from the 
application of vulgar ſtatics to the weighing of bodies in air and water, or wa- 
ter alone; and Torricelli, with others, lately applied the principles of hydroſtatics 
to quick-ſilver. But one conſiderable advantage both mathematics and mechanics 
may afford the naturaliſt, is, by ſchemes, figures, repreſentations, and models; 
which greatly aſſiſt the imagination to conceive many things, and by that means 
enable the underſtanding to judge of them, and deduce new conſequences there- 
from. *Twou'd be exceeding difficult, if not impoſſible, to go through ſome 
tedious geometrical demonſtrations without the help of a viſible ſcheme; not to 
mention how hard it is to initiate perſons in coſmography and geography with- 
out material figures and globes. And how neceſſary figures and models are in 
the building — ſhips, houſes, engines, and other {tru ures, every one knows. 


* Dr. Hall»y has an excellent contrivance of a | veral hours together. See a full deſcription of 
diving bell upon this foundation; herein he | this engine, and rhe manner of uſing it, in the 
can, With all deſirable conve: ience, deſcend to | Philoſephical Tranſact. ont, Ne 349. p. 492 and 
any depth of the ſea, and there continue for ſe- | N® 368. p. 177. 
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And not only mechanics, mathematics, and anatomy, ſtand in need of ſchemes 
and repreſentations, to give clear conceptions; but many phyſical things may by 
the ſame means receive illuſtration. And if Des Cartes was the firſt introducer 
kereof, I think we are obliged to him; for, as Plaro ſaid, God always acts geo- 
metrically ; ſo, in many caſes, nature acts mechanically, in animals, plants, and 
many other bodies; the curious and fine contrivances wherein being well re- 
preſented to the eye, may greatly aſliſt us in framing juſt ideas of them. 


Ber. 


b:come very beneficial to mankin 

improve the mind of a naturaliſt ; and, ſecondly, enable him to advance 
them. *Tis a prejudice no leſs p:rnicious than general, which natural philo- 
ſophy, and the intereſt of mankind, receive, that learned and ingenious per- 
ſons ſhould have been kept ſtrangers to the ſhops and practices of tradeſmen. 
Moſt of the ph:nomcna that ariſe in trade, are a part of natural hiſtory ; and, 
therefore, demand the naturaliſt's care. Nor will it excuſe the n:gle& and con- 
e mpt of this part of natural hiſtory, in men of learning, that it muſt be 
learnt from illiterate mechanics; or, that th: things it «xh:bits are works of 
art, and not of nature. Th: firſt plea is ſo unworthy of a philo'opher, as not 
to deſerve an anſwer ; and as for thi lceer, there is not that difference men, uſu- 
ily, imagin, b:tween the productions of nature and art, Many things cal 
the greateſt ſhare of the buſineſs in abundance of trad:s; for inſtance, thoſe 
of the malſter, brewer, and baker; in preparing raiſins, currans, and other dried 
fruits; the making of hydromel, vinegar, lime, &c. for, in theſe, the tradeſ- 
man does but bring together the reſpective viſible bodies, and leave them to 
act on each other, according to their ſeveral natures. Thus, alſo, in making 
g'als, the artificcr puts ſand and aſh:s together, but the diſſolution and union 
are brought about by the action of the fire thereon; as when it turns wood to 
aſhes, the volatile ſalt, oil, earth, and plilegm, unite firſt into ſmoke, and then into 
foot, When a prar is grafted on a white=thorn, the fruit it bears will ſcarce 
be thought unnatura', tho* produced by a coalition of two different bodies by 
means of human induſtry. 


I COM E next to ſhew, that natural Tie by adopting trades, may Philofiphy benefi= 


But many ph:nom:na in trad:s are, alſo, ſom? of th: more noble and uſe- . ene of 
trade part of na- 
—— Vitery, 42 


wh:n turn'd out of hir courſe by human power; which is the moſt inſtruc- © de b by + 


ful parts of natural h ſtory; for they ſhew us nature in motion, and that too 


artificial, differ not from the natural, in eſſence, but efficicnts: nature p:rforms 
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for, firſt, a knowledge herein will —_— 25 


tive ſtat:, wh:rein we can b:ho'd her. And, as the obſervations her:of tend, Ae. 


d rectly, to practice, ſo may th y, alſo, afford much light to ſeveral theories; 


And theſe phenomena are, there for, the fitter to be tramſlated into natural hi- 
Vol. I. 5 ſtory, 


« 
1 
' 
7 
U 
] 
"= 


/ 
| 
i 
| 
| 


130 


The Uſeſulneſs of Philoſophy. 


„becauſe the perſons, in whoſe hands th:y lie, uſually, know not how 
to dzſcrib: their own practices, or the acc:d:nts thy meet with; fo, that if 


ard min do not regiſter theſe things, the hiſtory of natur: will b2 v:ry 


d f. ive. And, doubtleſs, a naturaliſt would manage theſe things in ſuch a 
mann:r, as to render them far more inſtructive, and ſuitable to the deſign of 
a natural hiſtory, than wh:n related, tho' ever ſo faithfully, by an illiterate 
trad:{man. Now, certainly, he is unworthy th: knowledge of nature, who 
ſcorns to converſe with the perſons from whom it may be beſt obtain'd. For 
tradeſmen are, commonly, more diligent, in their particular way, than any o- 
ther experimenters would be, whoſe livelihood does not depend upon it. And, 
as nancy is the mother of invention, we, daily, fee that this makes the neceſſitous 
crafts-man induſtrious and inventive ; young him upon employing ſuch things 
as he would, otherwiſe, never have dreamt of. By this means new properties, 
uſes, and applications of materials, are diſcover d; and ſuch as have eſcaped the 
obſervation of others. Again, trades deal, not only in factitious, but natural 
materials, that are unknown to claſſical writers, and never uſed but in the ſhops; 
as manganeſe, zaffora, emery, tripoli, & c. and of both forts, there are ſome ex- 
ceeding uſeful ; thus glaſs- men and potters employ the two former, and a num- 
ber * trades the two latter of theſe particulars. So, among artificial concretes, 
ſolders are neceſſary to gold-ſmiths, lock-ſmiths, copper-{miths, braziers, pew- 
terers, tin-men, glaziers, &c. amels to gold-ſmirhs, glaſs-men, &c. lakes to painters, 
heralds, c. and putty to amel-founders, potters, ſtone-cutters, gold- ſmiths, 
gla5-grinders, &c. And, even, of thoſe natural things, whereofmention is made 
in famous authors, many particulars may be learnt in the ſhops, not otherwiſe to 
be met with, as to their differences, charaReriſtics of goodneſs, and the like. 
For my own part, I confeſs, I have learnt more of the kinds, diſtinctions, properties, 
and nature of ſtones, by converſing with two or three maſons and ſtone · cut- 
ters, than from Pliny, Ariſtotle and his commentators. Tradeſmen being unac- 


| «quainted with books, and the theories and opinions of the ſchools, examine their ma- 


terials by mechanical ways, which their own ſagacity, or caſual experiments 
affording them, may appear ſingular, and different from what learned men would 
have taught them; tho”, if they .ferve their purpoſe, are new and inſtructive, 
and the rather _—— in natural hiſtory. The obſervations of a tradeſman, 
may not, indeed, when firſt they make them, be ſo accurate as thoſe of learn- 
ed perſons; yet, that defect is ſupplied by a frequent repetition and aſſiduity; 
ſo, that the circumſtances he paſſed over at one time, will obtrude upon him at 
another, till, at length, various phenomena will offer them'elves, even to an 
unatt.ntive eye, which might have eſcaped a more curious perſon, in two or 
three cxperiments. Tradeſmen, moreover, frequently, remark,. in the things 
they deal with, many circumſtances 9 by others, with regard to the 
nature of the materials, and the operations performable ther- with. By good- 
neſs and badneſs, tis true, tradeſmen commonly mean the fitneſs, or unfitneß 
of things, to yield a conſiderable price, in regard of the purpoſes wheteto par- 
ticular trades employ them; yet theſe properties uſually conſiſt in qualities re- 
lating to ſeveral other things, and applicable of ſeveral other purpoſcs ; for ſome 
of their Criteria, are a difference in the kinds of bodies, of the ſame denom - 


— — — 


1 nation. 


— 
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nation; Thus, from the potter, the pipe-maker, and the glaſs-man, we may 
learn a great variety of clays; and no leſs an one of ſtones, unobſerved by claſſical 
writers, from ſtone-cutters and maſons. So from carp:nters, joiners, and turners, 
we may learn, that ſome kinds of wood, as oak, will endure both wet and dry; 
that others will laſt well within doors, but not bear the weather; that ſome 
will hold good above ground, but not under water; and, laſtly, that others will 
continue better under water, than in the open air. And as the characteriſtics inform 
us of the diff-rences in the kinds of bodies, ſo may they, likewiſe, of many 
qualities therein. Thus from the glaſs-m:n and ſoap-boilers, we 1:arn that ſome 
aſhes, as thoſe of kali, bean-ſtalks, &&c. abound much more in falt, and make 
clearer and better glaſs than others. The malſter teaches us the different impreſ- 
fions which barley receives from the fewel wherewith tis dry'd. And one —_— 
I know, made great profit by preparing it with wood- fires, in ſuch a manner, 
that it could not be diſcovered ſo cheap f:wel had bzen uſcd therein; for 
he choſe and ſeaſon'd his wood, ſo that even the ſolid parts thereof, when 
cleft, burnt a'moſt like ſtraw,. with a clear flame 8 free from ſmoke. 
But farther, the naturaliſt, uſually, contenting himſelf to repeat his experiments, 
once or twice, at his leiſure, has not —— opportunities with the artificer, nor 
is ſo much intereſted to diſcern what influence the temper of the air, or the ſea- 
ſon of the year, may have thereon. Thus tanners, we ſee, gather their bark 
in the ſpring, whilſt the riſing ſap abounds therein, becauſe it is not always 
ſo good for their purpoſe, nor parts ſo eaſily from the tree. Joyners think 
wainſcot not ſufficiently ſeaſon'd till it be many years old; and, butchers, in 
ſevearl countries, obſerve, that, tho* a bullock, under four or five years old, be 
ood to eat ſoon after it is kill'd, yet, if falted, and kept long, twill thereby 
frztted, and good for little. And, doubtleſs, tis a great * the na- 
turaliſt may derive from trades, that the ſame things are, ſucceſſively, practis'd 
upon for many ages; whence more extenſive obſervations are made thereon, 
than a philoſopher has opportunity for. Thus thoſe who make mortars of 
Guaiacum wood, and deſign them to be good, will keep the ſtuff in the 
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houſe for twenty years, or more, to ſeaſon, before they uſe it. And r 


maſons ſay, that ſome ſorts of lime and ſtone will decay in a few years, whi 
others arrive not to their full hardneſs in thirty or forty ; of which I have ſeen 
' Inſtances. - But a naturaliſt, by frequenting the ſhops of artificers, may, frequent- 
Y learn other things, beſides the truth and falſity of what they relate, as to 

e hiſtory of their profeſſions; for he will there obſerve phenomena, that are 
n:gleted by the tradeſman, as impertinent, and not tending to his profit; while 
torturing nature by his art, he diſcovers to an attentive eye, things not to be 
met with in books, nor ever dreamt of by authors. 


On the other hand, the naturaliſt, by his knowledge, gain'd from an inſpec- 9 m7 tore 


improv” them, ya- 


tion into trades, as well as his other acquirements, may contribute to the im+rious ways, 


provement thereof. And this is performable ſeveral ways; but, particularly, by 
increaſing the number of trades ; by collecting the obſervations and practices of 
different arts into a body ; and, by ſuggeſting improvements in particular trades. 
Nor is it abſolutely requiſite to invent new ones, in order to increaſe the num- 
ber of trades; ſince a revival of ne known to the ancients, that ſeem loſt to 

2 us, 


132 


with - moiſture, far better than watering pots. And this meth 
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us, will ſuffice for this purpoſe 3 ſuch are the making of incombuſtible cloth of 
Lapis Amianthns, the Tyrian purple, and Moſais work; with many others men. 
tion d by Pancirollus, and his commentator Salmuth : of which it might be 
proper to divulge à catalogue ;- becauſe, having been once, actually, in being, 
tis poſſible they may be retrieved in ſuch an- inquiſitive age: as the preſent. But 
trades may derive another advantage from the diligent naturaliſt, by means of 
ſeveral obſervations made, and different practices uſed, therein; which the artifi. 
cers, themſelves, want either the curioſity, skill, or opportunities to learn: not 
to mention the jealouſy they have of one another, and their unwillingneſs to 
diſcover their ſecrets, where they think their intereſt concern d; whilſt a phi. 
loſopher finds no ſhyneſs, who enquires only to ſatisſy his curioſity, or with a 
view to aſſiſt them. And, doubtleſs, were all the known hints, Carrer thro' 
the various employments, poſleſs'd by a ſingle perſon, tho* but of common 2. 
bilities, he might thence improve moſt of the particular trades, that are retainers 
to philoſophy. And, perhaps, it were not amiſs, if ſome knowing, and expe- 
rimenting perſons, were appointed by the public for this purpoſe. Some French 


gardeners have, lately, with good ſucceſs, applied the way. of filtration, uſed by 


apothecaries, to water tender plants. They place wieks of cotton, or liſts of 
cloth, in the liquor to be ſtrain d, ſo that they hang over the edge of the 


containing veſſel below either ſurface of the fluid. Theſe ends of the liſts, 


thus hanging over the roots of plants, will uniformly and — ſupply them 
„by a cha 
and mechanical contrivance, may be greatly. improved, Stone-cutters, who ca 
figures with plaiſter- of Paris, have a way to obtain fine powders, beyond what 
the common ſearces would allow of, by ſtirring the pulverized material well in 
water, and, ſoon after, pouring off the turbid liquor, at the bottom whereof 
an impalpable powder will, in time, ſettle. Of this method I have made grezt 
uſe in chymiſtry. And if the firſt water be ſuffer'd to remain ſubſiding, til 
the finer parts begin to deſcend, a much more ſubtile powder may. be gain'd, 
than that which artificers uſually employ. This method is, likewiſe,: uſeful to 
glaſs- men, porters, the makers of teleſcopes and microſcopes, thoſe who caſt 
metals in ſand, and others; particularly in China, to the makers of porcellain. 
The naturaliſt may, alſo, render the materials of one trade ſerviceable to ano- 
ther. The philoſopher who has ſurvey d a great number of arts, and com- 
pared them together, may well do this to advantage; / ſince even illiterate me- 


chanics - themſelves can make uſe of each others productions. Thus litharge, 


which is only lead powder'd; and almoſt vitrified by being blown off the t- 
finers teſt, not only ſerves the chymiſt for Sacharum Saturni, and the like me- 
dicines ; but the comb-makers to dye their horn; being mixed with quick-lime 
and ſharp vinegar, ; painters, to accelerate the preparations of their fat oils ; var- 
niſhers, by 2 their work to dry ſoon; and, laſtly, it ſerves to make 
counterfeit gems; for, by being melted with about a third you of pure white 
ſand, or calcin'd cryſtals, and then adding a ſmall quantity of mineral concretes, 
according to the colour intended, ſapphires, emeralds, & c. may be imitated ; tho 


they will come out too ponderous, foft, and dim the method itſelf; being 
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not the moſt valuable. Ajua fortis is ueful to refiners ; for herewith they ſew 
parate ſilver from gold and copper; to the curious workers in wood, for ſtain- 


ing and di'colouring thereof; to dyers, in their colours, and even in ſcarlet ;” 
and to other artiſts, for the colouring of bone and ivory ; which they do by 
ſteeping them therein, when that is ting'd with copper, or verdigreaſe, &c.- 
ſome, alſo, turn it into Aqua regia, by diſſolving in it a fourth of it's weight 
of ſal· armoniac, and then ſtain therewith ivory hafts and boxes, of a fine pur- 
ple colour, that does not ſuddenly diſcloſe itſelf thereon. There are, more- 
over, book-binders, who throw it on leather, and thereby make fine marble 
covers for books; and diamond-cutters, who, therewith, free diamonds from me-- 
talline powders. Tis, farther,. of great ſervice. it etching copper, or braſs- plates; 
and, laſtly, I have cauſed canes to be ſtain'd like tortoiſe-ſhell, by a mixture 
hereof, and oil of vitriol, laid on them at ſeveral times, over live coals, to 
cauſe it to penetrate the deeper; and, afterward, giving. them a gloſs with a 
little ſoft wax and a dry cloth. Nor are. theſe all the uſes made of Agua for- 
tis ; which, thoꝰ it be a liquor very commonly employ'd, and diſtilled not only by 
chymiſts, but refiners, gold-ſmiths, &c. yet great overſights are daily commit- 
ted in its preparation. But an ingenious acquaintance of mine, by attempting 


to improve it, has ſucceeded ſo far as to make it vaſtly better than that the 
refiners uſually em 4 or than any I have uſed ; and, yet, he affords it for 
its common: — Nay, he has not only thus great- 

0 


little more than ha 
ly promoted the refiner's trade, but found out a way to recover moſt of his 
Aqua fortis, after it has been employ'd in the ſeparation of metals, and that too 
with its virtue increaſed ; for, this fluid ma made, and received in other 
veſſels than are uſual. And without dreaming of this chymiſt's method, I have 
re-obtain'd that menſtruum, exceeding ſtrong, after it had been employ'd upon 
certain minerals. Laſtly, there are other bodies, beſides glaſs and earth, and 
leſs brittle than they, that ſerve for the ſecond diſtillation of Aqua fortis, tho 
made, originally, very ſtrong. I might, alſo, intimate, that, by adding to ſalt- 
petre, inſtead of thrice its weight of clay, or the like, about an eighth, or 


tenth of it's weight of another ſubſtance, I have, even in ordinary furnaces, - 


ſlowly obtain'd a nitrous ſpirit, or Agua fortis, at the firſt diſtillation, much ſtronger 
than what our refiners ſell for double Agua * Others have ſar greater _ 
tunities to inquire into trades, than myſelt, yet I have, ſometimes, gain d the 


thanks of eminent artificers for my directions in their reſpective trades and pro- 
ſeſſions *; which has made me, often wiſh, that a few ingenious men, 3 are 


» Thus M. Homberg inſtructs us how to gain ſ by which means the perſumer, upon diſtillation, 
a larger quantity of the eſſential oil of vegeta- found his quantity of oil increaſed a moſt a 


bles, than is uſual in diſtillation, by the previous 
addition of mineral acids, as the ſpirit of ſalt, 
c. thereto ; which increaſe the fermentation, 
and joining with the oil, render it more li- 
quid, and eaſy to be raiſed by heat. This ex- 
pert chymiſt adviſed a perfumer, who before 
ſcarce obtain d an ounce of oil from a hundred 
weight of roſes, to ſteep his lowers, for fifteen 


days, in water made ſharp with ſpirit of vitriol, 


third, The perfumers keep the ſtructure of 
the veſſel they employ in this diſtillation as a 
grand ſecret, *Tis a large convenient ſtill, 
that opens, inatube, at the top, to receive the 
water which muſt often be pour'd upon the 
roſes, to bring over the oil with it; whichit does 
but very (lowly, and ſo requires that its quantity 
ve large. This till, alſo, opens below, that 


the flowers, when they will yield no more oil. 
may 
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friends to experimental 7 would enquire into the myſteries of trades, 


and, afterwards, publiſh the ſum 


of their obſervations, tendin 


to the melio- 


ration thereof. Some JTtalian authors have wrote treatiſes of particular pro- 
feſſions, as Antonio Neri of the art of glaſs-making, and Benvenuto Cellini of 
ſculpture, ſtatuary, and ſome other arts; which deſerve to be made Engliſh, 

And I invite the virtuoſi of all nations to contribute their obſervations to. 
wards forming the hiſtory of trades, for I eſteem that one of the beſt means 
to improve experimental philo/ophy*. Of this I was ſo far perſuaded, that, 
had not our public calamities prevented me, I ſhould have bound ſeveral inge- 
nious youths to particular trades, with a view to receive, afterwards, their re- 
2 obſervations, made by my own direction, and the hiſtorical accounts of 

eir profeſſions, when they ſhould have become maſters thereof. 

There is, likewiſe, another means, whereby an experimental philoſopher may 
become — 2 to trades, I mean, by ſurveying the rules and obſervations 


already receiv 
deficiencies and inconveniencies under 


and the preſent reigning practices therein; then remarking the 


which they labour, and noting their 


Defiderata ; and, laſtly, by propoſing rational means to remedy the former, and, 
as far as he is able to ſupply the latter. By deficiencies and inconveniencies, 


I don't here mean all that is wanting to ſuch an abſolute 


fection, as a phi- 


loſopher ay 4 wiſh for; but what is complain'd of as feaſable to be reme- 
died : as for inſtance, the artificer may be too much confin'd to particular 


materials, ſome whereof bein 


either ſcarce, dear, or ill- condition d, the natu- 
raliſt might propoſeothers. Thus, I remember, being once where no 
ol could be procured, wherewith to make Agua fortis, 


good vitri- 


like that of the Es- 


gliſh refiners; by ſubſtituting a far leſs quantity of burnt alum, in its ſtead, we 
made excellent diſſolvents of ſilver, and, perhaps, much better than theirs. 


And, in the like caſes, the naturaliſt may greatly 
upon account of his knowledge of at vaſt variety of bodies, and their o- 


aſſiſt the tradeſmen, 


perations, at leaſt, by means of his experiments. An ingenious perſon, whom 
I knew, upon a general complaint as to the ſcarcity, and advanced price of 
oak-bark, contrived a way to prepare leather without any bark at all; and that 
too, much better than uſual in the ordinary way. And, allowing the mate- 


may be caſily,, taken out. But the principal 
contrivance is the figure of the veſſel which 
recieves the oil. This is made like an ordinary 
matras, from the lower part of the belly where, 
of comes a tube, as from an old-faſhion'd crewet 
and riling to the bottom of the neck of the re- 
ceiver, it bends outwards, ſo that, tho' the veſ- 
ſel uſually contains but 2 or 3 pints, it conve- 
nient]y receives, and lets paſs, many hundred pints 
of the roſe · water, without any neceſſity of being 


changed; for a change would toſe the ſmall quan- 


tity of the oil obtain d. The water diſtilld, runs 
thro the pipe into a ſecond reciever. Now 
the oil being lighter than the water, it floats 

2 thereof, and adheres to the 


rials, ſuggeſted by a naturaliſt, be dearer than thoſe in common uſe, yet they 


neck of the veſſel, as high as the aperture of 
the little pipe, whilſt the water runs from the 
bottom of the firſt receiver into the ſecond. 
Memoir. de Acad, A. 17CO. p. 266. 

* The ſubject of trades, with the manner of 
preparing all ſerts of commodities, in ſeveral 
countries; the proper market for each, the freight 
they pay, the price they bear at ſeveral ports, 
and, numberleſs other pas ticularsrelatingto this 
head, are fully treated of by M. Savery, in a 
late French Dictionary cf Commerce, wherein 
the particular accounts were, by command of 
the king cf France, given in from all the pub- 


ic offices, and p'aces of employ in that king- 
dom. 


may, 
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may, in other reſpects, be far preferable thereto. Thus, tho' diamond- powder 
be vaſtly dearer than emery, yet I, ſometimes, order work to be done there- 
with upon load-ſtones, as well as gems ; for it makes ſo great diſpatch, and the 
tools employ'd laſt ſo much the longer, as greatly to over-balance the cheap- 
neſs of emery. Common ſpelrer-ſo!der is much cheaper than that made with fil- 
ver; yet workmen, in many caſes, prefer the latter: and I have found this 
to run' with ſo moderate a heat, as not much to endanger the melting 
of the delicate parts of work to be ſolder d. Nay, if this filver-ſolder be 
welt made, as ſome I can ſhew, it will folder, even upon ordinary folder it-- 
ſelf, with braſs and ſpelter; and fo fill up thoſe little cavities that may chance: 
to be left in the firſt operation; which is not ſafely performable without a 
ſo'der more eaſily fuſible than the firſt made uſe of. 

Tradeſmen may, alſo, be tied down to certain ways of . when, 
perhaps, the naturaliſt may diſcern, what they do mechanically, may be better 
accompliſh'd 1 and on the contrary. Gold- ſmiths, perhaps by the 
direction of ſome chymiſt, boiling their curious ſilver-work, as ſpurs, wrought 
hilts, & c. in ſalt, alum, and argol, give it ſuch a whitenels and clearneſs, as it 
would hardly receive from the bruſh, pumice-ſtone, or putty. And the like 
cleanneſs, I have learnt from experience, may, immediately, be given to old 
ſullied pieces of * Id, by means of warm Aqua fortiss There are ſome 
things which, tho' 1 done mechanically, may be better perform'd in a: 
philoſophical manner; but, at preſent, we will obſerve, that much of what is 
now wrought by manual labour, may, with much more eaſe and expedition, 
be committed to engines; which being skilfully contrived, ſuch things may, 
thereby, be effected, as few would imagine. To paſs over ſeveral inſtruments. 
whereon I have, off-hand, play'd various tunes that I never learnt ; ſince we 
ſee timber ſaw d by wind-mills, files cut by flight inſtruments, ſilk-ſtockings 
wove by a machine, with abundance of the like artificial inventions, not eaſily 
de Wm few words, what handicraft can there be, that is not performable- 

engines | 

"Bus there are deficiencies of another kind; for work may lye long in hand, 

require too great pains, a large apparatus of inſtruments, or, ſome way or o- 
ther, be more chargeable, troubleſome, or laborious than is neceſſary : and theſe- 
inconveniencies the experimental philoſopher may, in many caſes,. remedy. I 
know an inquiſitive perſon who has tann'd as well as the maſters of the buſineſs, 
and in half the time that they employ'd. In ſome places they have an expe- 
ditious way of ſeaſoning particular wood for ſea-ſervice, and other uſes, by bak- 
ing it in ovens. Our dioptrical glaſs-grinders ſuppoſed they muſt always ufe 
Venice-glaſs for their purpoſe, till ſome virtuoſi conſidering, that clearneſs 
is an inconvenience in an object- glaſs, taught them to ſubſtitute the common 
reen ſort, made in England; which, in my opinion, and that of ſome others, 

15 here ſuperior to the other. Several dyers employ our own woad, inſtead of 
the Eaſtern indigo, for dying ſome blues, and other colours, which that grand 
tincture prepares the cloth to receive. Another ſort of rr or inconve- 
nience, may be the want of durableneſs, as to the being of the thing produced, 
or the beauty and goodneſs thereof. Of the former kind is the decry of l- 
ö quo, 
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quors, the ſpontaneous cracking of gla's ; particularly the fine Venice objeQ-glaſſes 
ef teleſcopes, will thus flaw, and grow uſeleſs, but chiefly in winter ; to pre- 
vent which, ſome of the curious carry them in their pockets. Of the latter kind, 
is the fading of the bowdy, and water-colours in limning ; the ruſting of ſhining 
arms, and poliſh'd ſteel And here, alſo, the naturaliſt may be ſerviceable. 
Thus the above-mention'd method of making objeR-glaſſes for releſcopes, of 


gla's, renders them durable in ſpight of the weather. I have had pieces 


of artificial cryſtal, ſome whereof ſoon 


crack'd, and changed their tran{parency 


Z poo wn ar TT ' 


for whiteneſs ; yet another, according to my conjecture, held ſound for ſeve- 
ral winters, wil never broke, but by accident. The reaſon of this difference, I 
ſuſpe& to be, that the former had too great a proportion of fixt ſalt, and the 
latter a due one. That the ſcarlet-dye may be greatly improved, in point of fixt- 
neſs and duration, beyond the common bowdy, I am convinced by a mer- 

chant of Amſterdam, who raiſed a great eſtate by dying, and was particular] 
curious in ſcarlet. This gentleman ſhew'd me a piece of thick ſcarlet cloth 
that would not ſtain with vinegar, lixivium, or other liquors that he named; 
nor when cut, appear pale, or white, in the middle; for the dye penetrated 
quite thorough : and this he could afford at a reaſonable price. And that trades 
may be, conſiderably, improv'd by thoſe who do not profeſs them, we have 
a remarkable inſtance in the thing we are ſpeaking of Cornelius Drebell, the 
inventor of the true ſcarlet-dye, was a mechanic, and a chymiſt, but ſo far 
from a dyer, that he knew nothing of the ordinary reds, *till, taught them by 

ſome merchants ; whence, by a ſagacious conjeRure, he diſcover'd the ſcarlet. 
Ant fopph the de- I come now to the Deſiderata, whereby, I mean, thoſe defirable perfections 
Aderan therein. that are difficult, indeed, but not impoſſible to be obtain'd ; and of theſe ſeveral 
may, ſometimes, belong to one profeſſion. Tis a deſideratum with the black- 
ſmith to render iron fuſible, by a gentle heat, and yet preſerve it hard e- 
nough for ordinary uſes ; with the glaſs-man and looking-glaſs-maker, to ren- 
der glaſs malleable* ; with the clock-maker, to bring the lang pendulum to be 
uſeſul where there are irregular motions ; with the brazier and copper-ſmith, to 
make malleable ſolder 5 with the fhip-wright, to build veflels that will fail un- 
der water; with the diver, to procure * inſtruments for conveying 
freſh air to the bottom of the ſea, to ſuffice for reſpiration, and the burning of 
lights; with the fay-maſter, to melt, or cupel ores, or metals, immediately, 
without the uſe of bellows or furnace; and, laſtly, with the carver and joyner, to 
Faſhion wood in moulds like plaiſter of Paris, or burnt alabaſter. The obtain- 
ing of theſe Deſaderata, I am ſenſible, may be thought chymerical projects: it 
is proper, however, to propoſe them, provided they be not, in themſelves, im- 


*The high value and ſcarcity af the ancient 
graved ftones, which, in ſeveral reſpects, are 
preferable to medals, has occaſion'd many at- 
rempts-to render them more univerſally known. 
To this end, the r. ĩmpreſſions have been t ken 
pon ſealing- wax. common ſulphur, and co- 
Joured glaſs, which, as improv'd by M. Hom- 


* pg, has vaſtly the advantage over the qther 


* This gentleman his a way of counter- 
feiting them to ſo great a perfection, in glaſs of 
different colours, which he can ſuit to ſeveral 
ſtones, that the cop ĩ:s have paſſed upon the vir- 
tuoſi for orig i nals: ſo that it glaſs were aCtual- 
ly malleable, they could hardly be made more 

fect. For the method itſelf, ſec Memoir. de 
2 A. 1702, p. 250, 


poſſible, 
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poſſible, contradictory to the nature of things, and the principles of reaſon and 
philo ophy ; bur proceeding, only, from our want of proper inſtruments, and 

vious means, or e'ſe ſome difficulties and inconveniencies that lye in the 
way, or hinder the proſecution of our deſigns. This advantage, at leaſt, will, 
robably, be hence derived, that, tho' ſagacious perſons ſhould deſpair of attain- 
ing them to perfection, ſome approaches thereto may be made. Credible wit- 
neſſes have inform'd us, that in ſome countries they ſhoe their horſes, without 
the aſſiſtance of a forge, by bringing their iron to ſuch a temper, that they 
keep ſhoes ready made, which they can, eaſi;y, hammer cold, fo as to fit them 
to any horſe : and this being practiſed in hot climates, is the greater con- 
veniency. - And, doubtleſs, by various tempers, iron may be greatly ſoften'd, 
and, afterwards, harden'd; ſince, without antimony, or ſulphur, I have melted 
it in a crucible, and pour'd it out like lead; whereupon it has grown harder 
than it was originally. | 

Flixible looking-glaſſes are made with Selenites; and all kinds of hollow glaſſes 
may be eaſily foliated, and turn d into Specula. And, becauie this may well 
appear a difkcul thing, eſpec;ally to be done without heat; and, becauſe the 
uſual ways, delivered about it, fall far ſhort of the —_ them; I 
ſhall here communicate an excellent method of foliating all forts of figured glaſſes; 
the hint whereof I had from an illiterate wandering fellow, in the country, who held 
his practice, which was confin d to ſpherical glaſl.s only, as a great ſecret. And 
truly it excelled any I have met with in print. But my m xture is this. Take 
tin and lead, of each one part; melt them together, and immediately add, of 
good tin-glaſs, or biſmuth, two parts; carefully skim oft the dro's; then take 
the crucible from the fire, and, before the mixture grows cold, add thereto ten 

s of clean quick-ſilver ; and having ſtirr'd them all well together, keep the fluid 
in a new clean glaſs. When you go to u'e it, firſt purify it, by ſtraining it thro? 
linen, and pan. pour ſome ounces thereof, into the glaſs, to be foliated, thro? 
a narrow paper funnel, reaching almoſt to the bottom of the | as to prevent 
the liquor fom flying to the ſides. After this, by dextrouſly inclining the 
glaſs every way, endeavour to faſten it to the internal ſurface ; which done, let 
it reſt for ſome hours; then repeat the ſame operation, and ſo continue, at times, 
till the liquor is, at length, ſlowly paſs d over, and equally fixt to the whole 
ſuperficies ; which will be diſcerned by expoſing the glaſs to the eye, between 
that and the light. Next, gently pour out the ſuperfluous liquor, to be faved 
for the like purpoſe ; and, 1 with a cloth, well ſprinkled with putty, ſcraped 
tripoli, or chalk, carefully cleanſe the outſide of the glaſs. This preparation is, alſo, 
more eaſy and ſafe, than the others I have met with, wherein either aſenic was an 


ingredient, or the mixture to be uſed hot. I might here, like wiſe, add, that by 


lying a yellow varniſh upon the external ſurfaces of the glaſſes thus managed, 
they have appcar'd richly gilt, yet fo bright, as to ſerve very well for mirrors*, 


The ſeveral ways of grinding, po iſhing. and thematician C. Vu, m I's Flen ena ma- 
foliating different kinds of glaſſes, for different rheſtos univerſe. We have, %, an adnir:ble 
ules, ia optics, catoptrics, and Cioptrics , are \poſthumous pece of the great M. £#iygens, de 
ciearly fully delivered by that excellent ma- poliendis vitris. 


Vor. I. * But 


— 


— 
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But to return; that malleable ſolder is obtainable, I make no great queſtion ; 
and good ſilver ſolder is already made an approximation thereto. Submarine na- 


vigation has been fucceſsſully attempted by Cornelius Drebell ; and thoſe con- 


cern'din the experiment affrm'd, that, tho' many were in the boat, they breathed 
freely, and found no inconvenience for want of freſh air; yet the inventor was 
neither ſhip-wright, nor ſailor. As for the deſideratum in diving, I have already 
faid, I knew a perſon, who, by means of a ſlight inſtrument, (the whole whereof 
remains under water, and has no communication with the air above the ſurface,) 
has continued ſeveral hours at the bottom of the ſea, and removed his engine 
with him. But Merſennus tells us of a much better method, if real, invented 
and practiſed by one Barieus, who was able to continue fix hours under water, 
by help of an almoſt incredibly ſmall quantiry of air, which, at the ſame time, 
fed the flame of a lamp at the bottom of the ocean, in a veſſel not much 
bigger than an ordinary lanthorn. There is, alſo, a method of cu pling, in 
ſmall quantities, without a furnace, coals, common cupels, or any other veſſel, 
And, by way of approximation, I made a powder, wherewith I have immedi. 
ately, without a furnace, melted lead-ore, wherein ſilver is frequently contain d, 
into metal, and, perhaps, alſo conſumed ſome part thereof. And, laſtly, I am 
credibly inform'd, that the way of making emboſſed works in wood, with moulds, 
was lately praftis'd at the Hague, by the ſecretary of a foreign embaſſador ; tho, 
as to the manner wherein it was done, I could not gain the leaſt hint: but if the 
thing be true, I ſuſpect it muſt have been perform'd by ſome menſtruum, that 
greatly ſoftened the wood, and afterwards allow'd it to harden again, as tortoiſe- 
ell is moulded; or elſe by reducing the wood into a powder, and then uniti 
it into a maſs, with a ſtrong, but thin glue; the ſuperfluous moiſture whe 
being afterwards preſſed our. And I once began a trial of this kind, but was 


- hinder'd from proſecuting it, with a curious glue, whereof I, accidentally, gain'd 


the hint from an ingenious tradeſman; which I now prepare, by ſteeping fine iſing - 
glaſs, for twenty four hours, in ſpirit of wine, or common bran 1 When t 

menſtruum has open d and mollified the iſing-glaſs, they muſt be gently boil'd 
together, and kept ſtirring till they appear well mixed, and, till a drop there- 
1 ſuffer d to cool, will, preſently, turn to a ſtrong gelly. Then I ſtrain it, 
while hot, thro” a clean linen cloth, into a veſſel that may be kept cloſe _- 
ped. A gentle heat ſuffices to diſſolve this glue into a tranſparent, and, almoſt, 
colourle(/Auid ; which, however, binds ſo faſt, that having, ſometimes, by 
means thereof, join'd together two ordinary ſquare trenchers, and permitted it 
to dry of itſelf, the trenchers, that lay one far over another, broke, when a me 
per force was applied, not where they touched, but elſewhere ; ſo that the force 
of this glue was greater than that which held together the parts of the wood. 
Nor will this reparation, by reaſon of the ſpirit, corrupt, like other gellies ; but 
the farther advantages hereof I muſt not now mention: I ſhall here, only, 
add, that having * Qu and mix'd up ſome common ſaw-duſt herewith, ſlight- 
ly ſtraining out, thro* a piece of linen, what was needleſs, and forming the 
remainder, with my hand, into a ball; upon drying ir ſleiſurely, it became fo 
hard as not to break, but rebound, when thrown againft the for. 


From 
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From what we have now ſeen, it appears, that experimental philoſophy may 
25 well advance trades, as an inſpection — * the bens o — 
and the happy influence they may have on each other, is an excellent means 
to enlarge the empire of mankind. That the due management of trade is of 

t concern to the public, appears from our numerous ſtatute-laws, at pre- 
{nt in force, for it's regulation, wherein the legiſlature has thought fit to give 
very particular rules and inſtructions thereto relating. 

i defign'd to have added ſomething about varniſhes, but, at preſent, can on- 
ly fay, in the general, that they are an uſeful and ornamental production, capable 
of great improvement. 


* 


— — — 


SECT. v. 


E T us now conſider how far the knowledge of particular qualities, or S«b thinzs may 

I, the phyſical uſes of things, will enable men to perform, philoſophically, os TT. 
what is commonly done by manual operation. And here, methinks, tis 2% performen © 

a notable proof of human induſtry, as well as a great incitement thereto, that 
philoſophy can ſupply the want of ſtrength, or art, and the head prevent the 
drudgery of the hand. The inſtances I ſhall give hereof, which are ſo many 
trophies of human knowledge, need not be reduced under particular heads; be- 
ing only produced as proofs, and having no dependance on each other ; I ſhall, 
therefore, barely ſer them down as they come to mind. 

The king of Spain makes ſuch an advantage of the knowledge we are con- gern in ſepara 
ſidering, as annually amounted, for ſome time, to many millions. For in his 25 five fron 
filver-mines at Pot, in Peru, they, formerly, had a very tedious, labo;- 
rious, and expenſive method to ſeparate the filver from the ore, which is now 
greatly improved and ſhortened by means of that pony of quick- ſilver, to a- 
malgamate with the nobler metals; firſt uſed, in that country, according to A. 
coſta, by Fernandes de Valeſco. Their preſent method is, accurately, to grind 
the ore, firſt pulverized and ſifted, with ſtrain'd quick-filver and falt ; then to 
boil them, for five or fix days, in pots and furnaces fitted for the purpoſe ; 
when the mercury imbibes the ſilver and gold, without touching the baſer 

of the ore. The mercury being thus Pally ſaturated, is — waſhed 
rom the adhering filth, and then, by a ſtrong fire, freed from the noble me- 
tals; coming over revived into the receiver, and leaving them behind, it eaſi- 
ly reducible into maſſes, and ſeparable the common way. By a proceſs like 
hereto, ſome of our gold-ſmiths alſo, and refiners, regain, out of their duſt and 
ſweepings, the ſmall ſcatter'd particles of gold and ſilver, that fly off in their 
working of them. 

It ſeems to require great skill in ſtatuary, to make a figure that ſhall, truly, 7, coping the im 
repreſent the ſize, ſhape, and lineaments of a living human face; yet I lately 8 of things. * 
faw this done by a tradeſman, in the following manner. The perſon, whoſe 
figure we deſign d, was laid upon = back, with a convenient thing — 

2 roun 
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round the edges of his face to keep away the hair. Then into each noſtril was 
convey'd a conical piece of ſtiff paper, about three inches in length, open at both 
ends, to allow of reſpiration. Theſe tubes, being anointed with oil, reſted with 
their {maller ends within the noſe ; while the others were ſupported by the hand 
of an aſſiſtant. Next, his face was lightly oil'd, and his eyes being kept ſhut, 
alabaſter freſh calcin d, in a copper veſſel, to its native whiteneſs, and temper'd to 
a thinniſh conſiſtence with fair water, was by ſpoonfuls nimbly thrown all over 
his ſace, till the matter every where lay near the thickneſs of an inch. This done, 
the ſaid matter preſently began to grow ſenſibly hot, and, in about the quarter of 
an hour, harden d into a kind of ſtony concretion; which being gently taken off, 
and it came away with eaſe, repreſented on its concave ſurface the minuteſt 

of the original 1. even to the ſingle hairs of the eye-brows. In this mould 
they caſt a head of good clay, and therein open the eyes, and, if there be occa- 
ſion raiſe the fore · head, or make other * amendments; then anointing this 
new face with oil, they, as before, make a ſecond mould of calcined alabaſter, con- 
ſifting of two parts, joined lengthwiſe along the ridge of the noſe, and herein they 
caſt, with the ſame matter, the fore-part of a head, more like the original than 
ever I ſaw made by the moſt expert ſtatuary; and yet this is perform'd with fo 
much eaſe, that I myſelf ſucceeded the firſt time in attempting it. 

Nor need a man be a painter to repreſent the figure of the leaves of plants; for 
this may be done by holding one in the ſmoke of roſin, gum-ſandaric, camphire, 


or a common link; whereby the leaf will acquire a blackneſs communicable to 


white paper when preſſed thereon, which immediately gives the exact ſize, ſhape, 


- and parricular ramifications of the fibres thereof. A candle or wax taper will 


The art of etching, 


: 


I tabing altitades 


alſo ſerve the turn. And this may be of good uſe to a botaniſt, or a traveller, 
when they meet with plants whoſe figures are worth preſerving, and they have 
no conveniency to draw them. | 

The art of etching, alſo, will furniſh us with an inſtance. of the like kind. 
Copper and ſilver plates may be hereby enriched with delicate figures, without 
having recourſe to the graver. This is perform'd by drawing a peculiar ſort of 
varniſh over the p'ates and then tracing the figures thereon ; for the lines thus 
made, freeing the plate from varniſh in thoſe places, Agua fortis, skilſully tem- 
per d, will there corrode, and leave the remaining varniſh'd part untouch'd; and 
thus afford, under the management of a skilful artiſt, as curious cuts as the fineſt 


graving. 
But a knowledge of the phyſical properties of things, will, moreover, enable 


us to perform that wherein mathematics, and the inſtruments it makes uſe of, ap- 

ear to be neceſſary. Thus, ſuppoſe a candleſtic, that hangs from the top of an 

jgh church, be made to ſwing, a philoſopher, who has obſerv'd, that the vi- 
brations of a pendulum, tho? the arches thereby deſcribed be unequal,. are, never- 
theleſs, perform'd in equal times, as to ſenſe; and that, when the ſtrings whereby 
pendulums hang are of unequal lengths, thoſe lengths will be proportionable to 
the ſquares of the number of their ſingle vibrations made in the ſame time; and 
ſuppoſe, farther, this perſon, provided with a pendulum of any known length, 
for inſtance, that of a yard; chen, I fay, he may eaſily, without any —_—_ 
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tical inſtrument, find the height of the church. For the candleſtic and ſhorr 
pendulum being both ſer to ſwing at the ſame point of time, if the candleſtic, 
for example, makes 9 vibrations, while the other pendulum makes 54, the ſquares 
of theſe two numbers will be 8 1 and 2916, and, therefore, becauſe the lengths 
of the pendulum are proportionable to the ſquares of the number of their vibra- 
tions, perform'd in the ſame time, divide 2916 by 81, and the quot ent, 36, 
will ſhew the length of the cord, whereby the candleſtic is ſuſpended to be 
36 times longer than the ſhort pendulum ; which being equal to a yard, the 
other muſt be 36 yards. From the knowledge of another phyſical property of 
heavy bodies, I have found a way to meaſure great heights and depths with- 
out the common mathematical in ents, and even where they cou'd not be 
applied. This is alſo done by means of a pendulum, which muſt here be v 
ſhort, and therefore requires an accurate obſerver. Now, *tis known, that every 
heavy body in falling, accelerates its deſcent, fo that the different ſpaces thro! which 
it paſſes, at different times aſſhign'd, are ro each other as the ſquares of the times 
wherein the reſpeR:ve ſpaces were deſcribed. If then it be learnt, by obſervation, 
how far any heavy bod deſcends in a ſecond; the doctrine of proportions will 
give us, from the time ſpent by a heavy body in falling, the height from whence 
it fell. This method of menſuration, we, with care, found agreeable to other 
obſervations. And thus, the depth of any well whatever, to the ſurface of the 
water, may be known; when quadrants, or the Ike inſtruments, cannot be uſed 
to diſcover it. For, if at the ſame point of time that a ſtone is let fall into a 
well, a pendulum that vibrates quarter ſeconds be let go, and the ſwings count- 
ed till the ſound of the ſtone daſhing againſt the water be heard, the thing is 
done. Suppoſe, for inſtance, that a heavy body deſcends 12 feet, in the kalt 
ſecond of rime, from the 1 of its fall; and the pendulum to have com- 
pleated 6 ſingle v brations before the ſound of the ſtone be heard; our rule will 
tell us, that ſince the times, in this caſe, are 1 and 6, and the ſquares of theſe 
two numbers, 1 and 36, the ſtone muſt have deſcended at the end of the fixth 
ſecond, 36 times as far as at the end of the firſt; the product, therefore, of 36 
by 12, being 432 is the perpendicular depth of the well: or thus, more eaſily, 
(ſince, as we formerly obſerv'd, falling bodies accelerate their deſcent in a pro- 
eſſion of odd numbers from an unit, thus, 1, 3, 5, 7, 9, 11, Cc.) the lone 
Temas 12 feet in the firſt ſecond, will fall 36 in the ſecond, 6o in the 
third, 84 in the fourth, 108 in the fifth, and 132 in the ſixth; all which 
numbers added together make 432. And by this means the height of precipices, 
and the depth of vulcanos, may be meaſured; which were otherwiſe impoſſible. 
Tis true, in ſtrictneſs, ſome ſmall allowance ſhou'd here be made for the ſtone's 
ſtriking before the ſound thereof is heard; but unlefs the ſpace to be meaſured 
is very conſiderable, that may be neglected without much inconvenience; ſince 
we know, from obſervation, that ſounds move in air about twelve or thirteen, 


hundred feet in a ſecond. And an experiment made by a foreign mathematician 


* Sir 1/aac Newton ſtews the velocity of | that have of late been pur poſ y made to determine 
ſounds à priori to be in the air about 1142 feet the matter. See New?09. Pr nap. Ed. 24. p. 344. 
in a ſecond; and to this agree the experiments | Philo: Tran. No 247. p. 433, Cc. 
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confirms the doctrine here deliver'd ; for he found an heavy body to deſcend 
zoo feet in about five ſeconds, that is 12 feet in the firſt ſecond. * 
In ſplitting ths To ſplit ſo thin a piece of metal as an old ſilver groat, ſeems to require a 
Lend ma fine inſtrument; but a trifling papel experiment has ſhewn us an eaſier way; 
for if the metal be . upon the heads of three pins ſtuck in form of a tri- 
angle, and a heap of flower of brimſtone be ſuffer'd to burn out thereon, and 
you afterwards throw it hard againſt the floor, the upper part will ſeparate from 
the lower; which, if the coin were not exceeding thin, till retains its priſtine 
ſhape. I have obſerved a pretty circumſtance or two in this experiment, the 
knowledge whereof is apt to. be: miſemploy'd ; and the experiment itſelf, tho' 
ludicrous, may ſuggeſt uncommon ſpeculations to a conſidering naturaliſt, and 
intimate a particular method of preparing ſilver. 
Mating marbles From conſidering the fine variety of colours in a ſheet of marble paper, one 
py wou'd ſuſpect them to be carefully laid on with a pencil, or that the whole 
was printed off from an engrav'd plate; but tis made with the utmoſt expe- 
dition, only by touching the ſurface of a veſſel full of water, whereon the co- 
lours lie to be conveniently blended, by a quick and gentle motion of the ar- 
tificer's hand, without cauſing them to run too much together. Archer, as I am 
| inform'd, has deliver'd the proceſs hereof. 
Refifying fpirie e Moſt diſtillers wou'd think it impracticable to rectify ſpirit of wine without 
_ diſtillation; yet I have done this by adding thereto well dry'd ſalt of tartar, 
whoſe property to imbibe the moiſture of the air might well give one the hint; 
eſpecially ſince oil of tartar per deliquium will not mix with dephlegmed ſpirit. 
And to haſten this tion, the ſalt may be ty'd up in a rag, and fo plunged 
in the ſpirit, when by moving it up and down therein, or raifing it above the 
ſurface, the water imbibed by the ſalt will fall, in drops, to the bottom. 
Tre et of cements, When bodies are ſo brittle, ſmall, ill ſhaped, Gr. as not to be conveniently 
held ſteady by inſtruments; artificial cements are excellent ſubſtitutes for tools. 
Thus the glaſs-grinders incorporate pitch and aſhes into a {tf paſte; wherein, 
when reduced by heat to a proper degree of ſoftneſs, the glaſſes ro be ground or 
poliſh'd are bedded to what depth, and in what poſition, is thought neceſſary : 
and being by means of the ſame mixture placed on a proper inſtrument, there 
they rema'n, when the cement is cold, firmly fix'd for operation; after which, 
the cement being again ſoften'd by heat, they are eaſily raken our. The dia- 
mond-cutters, who ufe a very vehement attrition, faſten their ſtones in a cement 
made of roſin and brick-duſt; and one of the moſt skilful of them adds ſome 
ſealing-wax ; but pla ſter of Paris is here preferable to brick-duſt. And, indeed, 
ſo many experiments may be advantageouſly made by the aſſi ſtance of cements, 
that I have been curious in preparing a number of them. Many artificers make 
uſe of powder'd emery, in different degrees of fineneſs, ſome of which are ex- 
tremely ſubtile; but this hard ſubſtance is nor prepared for their ſeveral purpo- 
ſes by different ſieves, but by pulverization, ablutions, and proper repeated de- 
cantations. And I knew a chymiſt who by this method prepared much berter 
Crocus Martis, which he ſold at a more advanced price, than others of his profeſſion. 


* All bodies near the ſurface of the earth | ing the deſcent of heavy bodies. Philoſ. Tran/- 
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To hew alabaſter and marble out of the rock is very expenſive and laborious ; — 
but by the uſe of gun · pow der large portions of both are eaſily obtainable. The 9x15. 


method is, to make a perforation, of the deſired length, into the body of the rock, with 
a tendency upwards, and lodging a convenient quantity of powder in the farther 
end thereof, the remaining cavity is filled up with rubbiſh, and well ramm'd in; 
a little ſpace only bi ing left for a train, whereby fire may be given to the pow 
der, which will thus break the upper part of the rock into ſeveral pieces of a ma- 
nageable ſize. And by this means, a little varied and improved, ſom? ingenious 
acquaintance of mine, who were me by the public to raiſe vaſt piles, have 
lately blewn up, with a few barrels powder, many hundreds, or, perhaps, 
thouſands of tuns of common rock. 


To faſhion glaſſes for watches, or the like purpoſes, into a convex or concave P of glaſſes, \þ 


figure, they ſeem to require grinding, or ſome particular skill in the management; 5% 
yet I have found, from experience, that a ſmooth and flat piece of glaſs, of a 
competent thickneſs, being carefully laid upon a ſhallow concave cylinder of iron, 
ſo, that the round edges of both mutually rouched each other, the heat of a fire, 
warily applied, will ſoften -the glaſs, and ſuffer it to ſink into the form required. 
This way, tis true, will not always exhibit the preciſe figure one wou'd wiſh; 
but when skilfully practiſed, it ſucceeds fo often, that ſome ingenious artificers 
have quitted their uſual method of making warch-glaſſes for this, which is much 
more cheap and eaſy. In ſome parts of England may be found various kinds of 
talc, or Lapis ſpecularis, and there are of them very cheap and plentiful, tho to 
reduce it to powder by the mortar and ſieve is exceeding tedious and laborious ; 
but actual flame will ſpeedily reduce ſmall pieces thereof to a perfectly white calx. 
And a ſagacious — pm re of mine, thus, alſo, preſently reduced large lumps, 
by caſting them red-hot into cold water. This operation has an affinity to that 
wherein ſome chymiſts granulate maſſes of gold and filver, by pouring them, 
ſtrongly melted, from a competent height into cold water, whereupon there hap- 
pens a diſſilition of the parts of the metal; when many ſmall portions thereof 
fall to the bottom. But the ſofter metals, as tin, and lead, are better and more 
expeditiouſly granulated by the proceſs juſt mention'd for talc. And by twice 
or thrice repeating the ignition and extinction, I have immediately brought cryſtal 
flints to a fitneſs for making counterſei | 


t gems. 
Conſiderable art ſeems uſed to el fruit in wax, eſpecially when a par- z/aling images in 
ticular lemmon, or orange, &c. is exactly repreſented : yet this art may be learnt . 


in an hour or two; for, having the fruit to be imitated, tis only burying it half 
way in a clay coffin, the edges whereof, as well as the extant part of the fruit, 
being oil'd; and nimbly throwing on it temper'd alabaſter, or plaiſter of Paris, 
to a conſiderable thickneſs; which, when concreted, and taken off, is a half- 
mould ; wherein the fruit being now placed, with its other end upwards, a ſe- 
cond half-mould may be obtain'd, as the former; and when the two are join'd 
together, a little colour d wax, melted, and brought to a due heat, being poured 
thro” a hole, made in any convenient part of the mould, and preſently ſhook 
every way therein, will, when cold, lively repreſent the original. And here it 
might appear an extraordinary piece of art to cauſe ſo great a cavity as there will 


remain in the counterfeit fruit, and to render the repreſentation ſo perfect vor 
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ſmall a quantity of wax; whereas, the bare ſhaking of the mould, together with 
the expanſive force of the included air, applies the wax ſo cloſe to the whole in- 
ternal ſurface, that tis thereby form d into one large film, and ſeems difficult to 
be ſeparated without injury, which mult enſue, did not nature here again aſſiſt 
the artiſt, and cauſe the mixture, when it cools, to ſhrink from the mould. 


Graving of land- I know a famous graver who writes but a bad hand, and yet with his tool he can 


imitate the fineſt performances of the moſt celebrated writing- maſters. This has 
appear'd ſurprizing to virtuoſi themſelves, that a man, with a ſg iron inſtrument, 
ou'd write incomparably fairer upon a tough copper-plare, than with a good 
| 20 upon paper. The method itſelf is kept as a great ſecret, and I cou'd not 
earn a curious particular or two; yet by putting queſtions, and by ſome trials of 
my own, I have obtain d the ſubſtance thereof; which is this. The copy to 
be engraved is wrote 8 excellent hand, with a peculiar kind of ink, as black 
as the common; and the copper- plate, being moderately warm'd, is rubbed over 
with a certain white varniſh, and ſuffer'd to cool; then the paper being gently 
moiſten d, that it may readily communicate its ink, the writing is applied to the 
prepared ſurface of the plate, and fo paſſed thro a rolling - preſs; by which means 
the ink adhering to the varniſh, leaves the letters very conſpicuous; whence tis 
eaſy, with a fixed needle, to trace the ſtrokes, thro' the varniſh, upon the plate, 
which being afterwards cleanſed, the letters are finiſhed with the graver, — the 
work printed off in a rolling preſs, as common cuts. 


Taking of writen I have alſo taken off written characters without the help of a preſs, by lay ing 


characters, or 


Printed cuts. 


And copying, at 
aer, a uhle 


age of writing. 


the moiſten d paper ſmooth upon the varniſhed copper, and rubbing it hard there- 
on with a convex piece of glaſs, or the like; provided the ink be good, and 
thick laid on. For varniſh,, here, I, have uſed the purer fort of virgin wax; and 
for my ink, the fine Frank ford black, as the painters call it, which was gradually 
and carefully ground with water, till it obtain d the conſiſtence of common ink; 
but no gum is to be added, leſt that ſhou'd hinder its coming off. 
+ There, js, likewiſe, a way whereby printed cuts are ſo far, taken off, that, at 
leaſt, the outlines, and principal ſtrokes, may. be ready copied for graving. If 
the print be not above a year or two old, the paper need only be well moiſten d 
with water, as ſor printing, with the uſual ink of cuts; but if it be more an- 
cient, it ſhou'd be laid to ſoak all night in water, and afterwards ſuffer'd to hang 
in the air till it becomes dry enough for the preſs. The Na thus prepared, is 
to be laid with its printed fide next the plate, thinly caſed over with white wax, 
which is thus to be committed to the rolling preſs, whereby an impreſſion of 
the cut will be gan d. | | | | 
But there's one thing that ſeems more than any, hitherto mention'd, to require 
immed:are manual operation; I mean a method of tranſcribing, at once, a whole 
page of writing. Whether this, be performable with eaſe and cheapnefs enough 
for. common uſe, is another queſtion ; but, that the thing is poſſible, by phy ſical 
means, I am convinced from my own experience. | 
Hitherto ſuch inſtances have been produced wherein philoſophical knowledge 
may be ſubſt:tured for manual dexterity, mechanical tools, and mathematical in- 
ſtruments; to theſe I ſhall ſubjoin one, to ſhew, that a mathematician, and a me- 
chanic, by being acquainted with a flight phyſical property of obyious bod ics, 


may 


p-_ 
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en perform what mathematical leaning, and mechanical kill, wou · d not other- 


e accompliſh, 


That a maſſy body, ſome hundred thouſand pounds in we'ght, ſhou'd be niſed Gch nor 
by means of a little water, ſeems very ſurprizing; yet this was done at Cons nne 22 


fantinople, as we learn from Busbequins; who tells us, * that a monſtrous obelisk, 
« thrown from its pedeſtal in the city, had remain'd at its length for many ages, 
« till in later times an architect appear d who, for a certain ſum, undertook to ſer 
« jt again upon its baſe; and having to this end prepared abundance of machines, 
« he therewith raiſed it within an inch of its due height; when the ſpeRators 
« jmagin d it cou'd not be elevated higher; bur he, relying upon his knowledge, of 
« nature, 8 wage 5 be 64 him. * ing, for ſeveral 1 
« thrown upon t that the pillar, ually contracted and 
« ſo ſer it — its bes. to the — ſurprize 5 the 9 And to render this 
the more credible, the like is mention d by many eminent authors, as having been 
n and the thing is allowed of by that great maſter of mecha- 
nics, Galileo. | | 

The uſual methods of catching fiſh among us, require pains and skill; but the 
literate Americans have — ways, from 9 of a phyſical pro- 

of a certain wood, wherewith they impregnate the water, and ſtupify the 
fiſh ſo, that they roll upon the ſurface, and are ealily taken with the hand. And 
this appears probable from the intoxicating preparations we are here poſſeſs d of, which 
tho' light, fall not much ſhort in therr fe; and having particularly enquired 
of a learned phyſician who came from that country, he aſſured me it was trus, 
and that he ſaw the Engliſh uſe the ſame method, by tying a log of this wood, 
which =_ call dog-wood, to the ſtern of their boats. The hair growing on 
any part of the body, may, without the uſe of any inſtrument for that purpoſe, 
be very expeditiouſly taken off, to appearance, by the roots; whence it is again 
of a much ſlower growth. This is effected by a 2 of the natural * 
duction call d Ruſma. Bellonius gives us the hed wherein they uſe this dru 
in the Eat; but I had made experiments with a parcel of it, before I met wit 
hisobſervations. I mix d it, in fine powder, with an equal weight of ſtrong pul- 
veriz'd quick- lime, and permitting them to ſoak for a ſhort ſpace together in a little 
fair water, they become a ſoft paſte, which I ſpread thin upon that part of the 
body I wou'd free from hair; and ſuffering it to remain on about three minutes, 
I wipe it off with a linen cloth dip'd in water, and find the hair taken away by 
the roots, without any diſcernible inconvenience to the part. Thus I ſeveral times 
repeated the experiment, and more than once perform d it upon myſelf. 

To meaſure time exactly, may to ſome appear ſcarce practicable without ſprings, 
wheels, or the common contrivances ; yet ſo ſimple a thing as a bullet fix d to a 
ſtring will do it. For if that be made to meaſure a little leſs than ten inches, 
from the point of its ſuſpenſion, to the centre of the bullet, twill fwing half ſe- 
conds with leſs inequality than a good watch; and may, therefore, be of great 
ſervice in making aſtronomical and other obſervations of a ſhort duration, wherein 
accuracy is required. And by means of a pendulum, a skilful muſician of my 
acquaintance teaches his ſcholars to keep time in log ß But the beſt way, in 
* is to make the vibrations as long as poſſible, and when they begi 
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to decreaſe, to give a freſh. impulſe to the ſwinging weight, leſt by growing 
ſhort, they mond not be ſo well counted. | : a 

By knowing the velocity of ſounds in the air, tis eaſy to meaſure diſtances. 
without geometrical inſtruments, or where they wou'd be uſeleſs. The found. 


tion hereof is already deliver'd; for 72 ſounds, whether great or ſmall, move 


1380 feet in a ſecond; if a be 
ble ſoever, tis but letting fall a ſhort 


on one fide of a river, how inacceſſi. 


pendulum as ſoon as I ſee the flaſh, and 


counting the vibrations till I hear the ſound, to gain the diſtance of that gun 


from the — wherein I ſtand. Suppo 
s after the light, I conclude the river to be 2760 feet over. 


two ſecon 


ſe, for in 


ce, the report be perceiy d 


And by this means may be ſolved a problem that, nakedly propoſed, might 


ſeem impoſſible; I mean, without 
had; the remote diftance of one 


one of them to fire two or three of her 
at the firſt, taken as a ſignal ;- and its vibrations counted that 


flaſh and 
velocity. of echoes, which are only 


etrical inſtruments, to meaſure, in a dark 
ip under fail from another. For, ſuppoſing 


ns, a pendulum may be ſet a going 
x paſs ited 4 ue 


report of the ſecond. And, by the way, I have thought, that if the 
reflected ſounds, cou'd be well determin d, 


failors might, ſometimes, in the dark make uſeful eſtimates by means thereof, as to 
their diſtance from the coaſt, or conſiderable rocks. For tho* they cannot juſtly 


conclude upon diſcharging a how near they are to the ſhoar, becauſe ſome parts. 
thereof — Be les Rs ths thoſe which reflect the echo; yet were = 


found to follow immediately after the original 
land as near as the pendulum ſhews the echoing-place to be.“ 


report, there's reaſon to ſuſpect the 
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RY we may venture to aſſert, there is ſcarce a 


_= * 1 — 


* 


production in nature, the 


uſes whereof to human life are hitherto thoroughly underſtood. . This pro- 
poſition being very intelligible, .nzeds no explanation; but as it. is an: ungrateful 


Sounds are now commonly uſed; as the 
moſt exact means for determining the diſtance 
of one place from another; and the moſt ac- 
curate ſurveys are made by the help of them, 
ſince their velocity has been preciſely determined. 
And upon this foot Mr. Whifton, ſome time ſince, 
propoſed a new ſurvey of England. Tis ſtill 
more n that he md — Din; im- 

ovin this hint, by adding light to 
found, ind joibiia the aſſiſtance of * eye to 
that of the ear, 5 
Was, 
that from a certain number of ſtationary hulks, 
or ſhips riding at anchor in convenient parts of 
the ſea, at due diſtances from each other, large 
fire-ſhells ſnou d, at 12 a clock, every night, be 
thrown from mortors, to the icular 
height of a mile, or more, and there afford a 


krge blaze of white light. For, if from a ſhip! 


vanced a method of diſcover- 
ing the longitude- at ſea, Their deſign 


out at ſea the aſcent of this ball of fire be ob- 
ſerv'd,..the failors will thence know the diffe- 
rence of time between the meridian of their 
ſhip, and that meridian in the plain whereof the 
fire- ball aſcends z ſo that the point of the com- 
paſs from whence the light came being ob- 
ſerved, and the place where the exploſion was 
made found mark d on the ſea-chart, the long. 
gitude at ſea muſt thence be diſcover d. They 
alſo propoſed other methods for finding the 
ſame, as from obſerving the time that paſſes be- 
tween the firſt ſeeing the light, and hearing the 
ſound of the mortar ; or-from the angle where- 
in the ball appears at its utmoſt height. But 
all of them, tho? very ingenious and good in the 
theory, are defective in the practice; being ex- 
ceeding troubleſom, and yet precarious. Theſe 
inconveniercies Mr. 14 is now attempting 
to remedy by means of the dipping-necdlr. 


paradox, 
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paradox, it quires a full demonſtration; becauſe it cannot be adm'tt:d without 
ſuch a confeſſion of our ignorance as muſt tacitly accuſe us of lazineſs. How- 
ever, we wy ſay, with Seneca, a grcater knowledge and command of nature 
wou'd have been gain d, had it not been preſumed we were alrcady arrived to 
a much more conſiderable degree than, indeed, we are, in compariſon of what re- 
ma ns behind obtainable. I ſhal!, therefore, offer ſome conſiderations to rouze our 
curioſity, by ſhewing how deſective it has been, and how much of nature con- 
tinues undiſcover'd to exerciſe and reward our induſtry. It muſt be remember'd, 
that I here ſuppoſe the uſefulneſs of naturc's works to mankind chiefly depends 
upon the knowledge we have of their properties; and, conſequcntly, that the 
more we learn of theſc, the more uſes we receive therefrom; ſo that whatever 
aſſiſts us to diſcover things which, probably, may prove ulcful, is a phyſical uſe 
thereof, tho” in itſelf not immediately practical. | | 
I obſerve, in the firſt place, that very few of nature's works have been ſuffi- a, 2g, 
ciently conſider'd, even as to thoſe qualities that properly belong to them. % even 
There's a kind of terra incognita in every natural body, -reſerv'd for the diſcovery quairics. 
of futurity. For there are various artificial means of finding out the 1 720 
of * chymiſtry, optics, ſtatics, G c. which require ſuch skill, induſtry, 
and inſtruments 1n their application, that few have the curioſity and ability ro 
examine materials in all chele ſcveral methods; yet unleſs this be done, various 
_ thereof, ſome of which are, probably, capable of uſeful applications, are 
Lkely to remain undiſcover d, as might be eaſily ſhewn by an i ion of par- 
ticulars. But many things, doubtleſs, muſt continue unknown in the abſtruſer 
productions of nature, os even the moſt obvious and familiar objects hide 
abundance from us. To inſtance in our own bodies, wherewith we are highly 
concern'd to be acquainted ; how many diſcoveries have been made in the pre- 
ſent age that remain'd unthought of for above two thouſand years? The happy 
ſucceſs of Harvey, Aſellius, Pecquet, Bartholine, and Wirſungins, are remarkable in- 
ſtances hereof. In bodies ſo familiar as thoſe of eggs and chickens, tho Ariſto- 
tle, many ages ſince, was ſolicitous about their hiſtory ; yet ſo little, till within 
theſe few years, was known concerning them, that it grew a hot diſpute, whe- 
ther the chick were formed of the White or the yolk; when our excellent 
Harvey ſhew'd, as I have alſo obſerved, that it proceeds from neither of them, 
nor even the treddle ; but that ſpeck which appears in the coat of the yolk. 
- Kepler, is ſaid to have bcen the firſt who told the world ſo obvious a thing as, 
that the parts of ſnow are of an hexagonal figure, in a diſcourſe wrote on that 
ſubject. However, I find, Oalur Magnus makes mention of it; and I myſelf 
have frequently obſerv'd the ſame thing; eſpecially about the beginning of the 
ſeaſon ; for that is not its conſtant figure; but tis ſurprizing, the diſcovery ſhou'd 
not be made before the preſent age. As common a liquor as vinegar has been 
for many ages, yet, that it often abounds with ſhoals of living creatures, which 
thro? a microſcope appear like eels, was a diſcovery which ſeem'd ſo new but a few 
years ago, that when I obſerved it, to ſome virtuoſi in England, as a phenomenon to 
be ſecn with the naked eye, they thought me deceiv'd, till their own eyes fully 
aſſured them of the contrary. That the milky way ſhou'd for two thouſand 
years pass for a .meteor is not ſtrange, . conſidering the minuteneſs of the ſtars 
| 2 
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that compoſe it; nor do I, for the ſame reaſon, wonder, that the predeceſſog 
of Galileo reckon d only ſeven planets; nor ſuſpected Venus to repreſent the ſame 
wy with the moon: theſe inſtances however, ſerve to ſhew, that many attributes of 
ies are ſcarcely diſcoverable without artificial helps. But what may not man- 
— 5 —— the > ieſelf, the Fw gs conſpicuous 92 in — univerſe, 
va ces perhaps bigger Aſia or Europe, uently generated 
and deſtroy d hw his — . even the aſtronomers took no notice till 
the excellent Galileo, and the induſtrious Scheiner? In the year 1660, April 27, 
about 8 a clock in the morning, I my ſelf obſerved a ſpot in the lower limb 
of the ſun, a little towards the ſouth of its equator, which was enter'd about 
= of the diameter of the ſun itſelf, being about ge; in its ſhorteſt diameter, of 
chat of the ſun, and its longeſt about of the ſame. It diſappear d - Hay, 

in the morning, tho' we ſaw it the day before at about the ſame diſtance 
its weſtern limb, a little ſouth of its equator; tho* it firſt appear d from 
the eaſt limb, a little ſouth alſo of its equator. It ſeem'd to move faſter in the 
middle of the ſun, than towards the limb. It was a very dark ſpot, almoſt 
quadrangular, and encloſed round with a duskiſh cloud. We firſt obſerved this 
very ſame ſpot, for figure, colour, and ſize, to be re-enter'd the ſun 25 
when it appear d to be in a part of the ſame line it had formerly » and 
was enter d about = of its diameter at 7 a clock in the evening. At the fame 
ime there appear d another ſpot, which was juſt enter'd not above 1 part of 
the ſun's diameter. Tr appear'd longeſt towards the north and ſouth ; and ſeveral 
ſmall clouds feem'd to be diſperſed about it. The diſcovery of theſe ſpots, in- 
deed, was made by means of teleſcopes, inſtruments unknown to the ancients; 
yet had mens curiofity been raiſed to that height the nobleneſs of the object de- 
ſerv d, part thereof, at leaſt, might have been obſerved without them; for I find 
by an Tralian letter of Galileo, that ſome of his acquaintance, after he had rouzed 

cir — Arg ſpots therein with their naked eyes. | 

Things have die. It might be remark'd, that one reafon why men are _ in the uſes 
one auler in ef ſach things wherewith they ſeem well acquainted, may be, that the difference 
— of climates and places occaſton new relations between them, and thereby endow 
= them with unſuſpected qualities. I ſhall not here enumerate the different pro- 
perties of bodies commonly referr'd to the fame ſpecies, whether of plants, ani- 
mals, &c. in almoſt every country; as, that ſpiders are not venemous in Jreland; 
and, that Hriſb wood, in general, if the tradition be true, is an enemy. to poi- 
fonous creatures: I will only add two inſtances; the one to manifeſt what dif- 
ferent climates may do; the other to ſhew the unexpected influence of different 
places, perhaps, in the ſame climate. The inhabitants of hot regions, where it 
never freezes, who deride the relations of what happens in the colder, wou'd 


From abundance of obſervations.more /ately ſ pear and diſappear, and are, therefore, probably 
made of theſe ſpots, and publiſh'd in the Philo- me of the ſun's exhalations, or are its clouds. 
I pkical Tranſattions, the French Memoirs, the | Hence it ſhou'd ſeem that the ſun has an a- mo- 
Ada Eruditorum, c. it appears that they are | * like that of the earth, wherein, ſince theſe 
nearer to the ſun thin the p anet, Mercury; that yet f {pots or clouꝗs fall back again to the ſun, ſe- 
they are not actually on the ſun's ſurface, but at | veral changes muſt — happen in that 
ſome diſtance from it;; that new ones frequently | luminary, as well as in its — 
| never 
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never imagine that water cou d be broken in a mortar like a dry body, be tranſport- 
ed in open carriages, kept all the year round — laſtly, on 
nicate an intenſe to other water in the ſummer. And the leſs inquiſitive 
among ourſelves can ſcarce believe that water will ſerve for high · ways, in travelling, 
the marching of armies, the training of artillery, and for a field of battle; yer 
in the more northern countries all this is practiſed upon the ice in the winter 


ſeaſon. 

The ſecond inſtance, is the declination of the ic needle from the true: 
north and ſouth: points; with the variation of the fame. For, altho the load-- 
ſtone has been long admired, and fince its happy application to navigation, gene- 
rally known, and — ſtudied; yet that the needle does not in ſome places 
point directly, perhaps not by many degrees, to the pole, as it will in others, is 
no ancient obſervation, being aſcribed to Sebaſtian Cabot. And, according to our: 
famous Gilbert, he muſt have lived ſince then who firſt remark d that ſt 
and conſiderable alteration of the unexpected phenomenon, its declination in the- 
fame place, towards the eaſt or weſt, in proceſs of time; the truth whereof I. 
cou'd confirm by obſervations of my own, compared. with- thoſe. of modern. 
authors. And as the fame bodies may have different qualities and uſes in different 
places, ſo may they alſo, if examin'd, and employ'd at different times, ſeaſons,. 
or peculiar periods, wherein they undergo ſome ſignal changes. But theſe are 
not obvious to every eye, as when fruit grows ripe, or wine turns to vinegar 3. 
but ſuch as require skill and curioſity in the obſerver. Thus, while common 
urine is freſh, the volatile and pungent falts are ſo clogged with other particles 
therein, that near nine parts in ten muſt uſually be evaporated before they will. 
riſe; and afterwards a conſiderable heat given to force up the laſt. Now, tho”” 
the tradeſmen who deal in urine commonly overlook the difference; yer if the 
urine be barely kept for fix or ſeven weeks, the ſaline and noble parts will in 
that time have ſo extricated themſelves, that a very gentle heat will raiſe them 
firſt, and leave that phlegm behind which in» the former caſe preceded. . 

That the Thames water, when carried long voyages, and into hot climates, will 
have a very offenſive ſcent, the common putrefaction of. ſtagnant water may per- 
ſuade us; yet tis found, if that be kept long enough, tho' in the ſame veſſel, . 
and a hotter climate, it will at length grow ſweet and potable again. And this 
I have not from vulgar tradition, but receiv'd, by enquiry, from two very in- 
_— perſons, upon their own knowledge; one whereof had particularly ob- 
erv'd it in failing between · Europe and Africa; and. the other in going and re- 
turning from America. And I. the rather mention this, . becauſe ſeveral other 
waters have, as I am inform'd, the faculty of recovering after putrefaction, 23 
well as that of the Thames; whereto tis uſually. ſuppoſed. peculiar. - And having» 
had the curioſity to try how. the rougher kind of water, that will not bear 
ſoap, might be remedied ; an induſtrious perſon, whom I employ'd, aſſured me 
" had met with pump-warters, that, barely by ſtanding a few days, wou'd gain 

is property. 

— ſeeds, when freſh. gather d, are obſerved to have ſuch an. acrimony, 
that ſome ancient phyſic:ans account them venomous; and diſpenſatories- 
uſually. order them to be corrected. with vinegar, or the like; but. the more 26-- 
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curate obſervers tell us, that this ſeed, in a eompetent time, loſes, of itſelf, this 
offenſive quality. And the ke in both reſpects is obſerved by ſome eminent 
apothecaries as to the roots of aron. 

'Tis allow'd, that vegetables, however managed, unleſs firſt reduced to ſoot, 
will afford no dry volatile falt, like that of animal ſubſtances ; yer, by diſ- 
courſing — with a very ingenious perſon, as alſo by ſome experiments made 
to examine diftill'd liquors, I was farisfied there are various vegetables growing 
common in Englaud, which, gather d, and laid together, at a certain ſeaſon, and 
diſtilld at a particular juncture, will yield a volatile ſpirit that in its ſcent, taſte, 
and various effects, as turning ſyrup of violets green, hiſſing with acid ſpirits, 
cc. reſembles the volatile ſpirits and ſalts of animal ſubſtances: and, what appears 
ſurprizing in this great c „the ſecret whereof I wiſh I durſt communicate, 
it is effected without any addition. Wette 

Nor are vegetable and animal ſubſtances only thus alterable in their texture; 
but even mineral bodies themſelves. Tis a — — in chymiſtry, that tho' we 
are taught to make the ſalt of diſtill'd vitriol by immediately taking the Caput 
mortuum thereof, freed from the oil by a violent fire, and extracting all its ſaline 

parts hy repeated affuſions of water; yet this means will not obtain the ſalt. But 
I found, by enquiring of thoſe who diſtil quantities of oil of vitriol, that 
if the C put mortuum be ſuffer d to lie a conſiderable time in the air, twill be ſo 
impregnated with new ſaline particles, as to be worth a ſecond diſtillation. And, 
as we formerly mention'd, there are quarries of ſolid and uſeful ſtone, ſome 
-whereof has been employ'd about ſtately buildings, that I have ſeen, whole pro- 
4 as we have alſo of other kinds, is, that being dug ar a particular 
ſeaſon of the year, it proves thus good and durable; but if employ d at a wrong 

time, makes but wretched ſtructures; as has been found by ad experience. 
Time and place are, indeed, two of the principal, but not the only things 
whoſe variations-may diſcover unheeded- properties in natural bodies; even the 
Aighteſt circumſtances may afford new uſes in ſolid and laſting materials. Opti- 
cal glaſs-grinders have complain d to me that their convex glafſes will frequently 
prove veiny; and thereby render the labour beſtow d upon them almoſt uſeleſs ; 
becauſe they are unable to diſcover theſe blemiſhes by the moſt careful examine 
tion, till a conſiderable time be ſpent in the work; and even then they continue 
inviſible while the glaſs is held at an ordinary diſtance from the eye; but upon re- 
moving it ſome feet therefrom, | thoſe defects become apparent: fo ſerviceable 

may an encreaſe of diſtance be where one wou d leaſt expect it. 

Sac myſt be The change of poſture may ſeem a ſmaller circumſtance than the change of 
— — diſtance; yet Dr. Gilbert has obſerved, and I have found it true, that perpendicu- 
rer en lar iron rods, as the bars of a window, by long ſtanding in that poſition, ac- 
OPS. quire magnetic poles; ſo that the needle of a dial, for inſtance, applied to the 
lower of ſuch a bar, will have its ſouthern end attracted; whereas, the upper 
— of the ſaid bar will ſeem to repel that, and attract the northern. And 
here I cannot but obſerve, that men will ſcarce ever be able to know all the 
roperties and uſes even of familiar bodies, till they ſhall have been mathemati- 
cally conſider d; for there are many things thereto belonging, which, probably, 
a naturaliſt, how curious ſoever he may be, will ———— ; _ 
; | | mltances 
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inſtances, which prove this aſſertion, have been already produced; however, the 
thing is of ſo great importance for naturaliſts to be convinced of, that T ſhall 
in inculcate it upon them with a few more examples. Since the firſt + mn of 
the world men mult, ſometimes, have beheld ſwinging bodies; yer till Galileo no 
one took notice that their vibrations, whether great or ſmall, were perform d 
in equal times. This diſcovery required a mathematical eye; and ſome of the 
uſes of it we have ſeen already. 
That, water running out at à hole near the bottom of a veſſel deſcribes a 
lic line, or one that nearly reſembles it; and, that, in the like experiments 
there's a determinate proportion affignable between the perpendicular height of 


— 


the water, and the diameter of the hole; whence the quantity that will iſſue out 
thereat in a given time, with its velocity, may be computed; was not, that F 
know of, obſerv'd before Galiles and Merſennus attempted to adjuſt this matter. 
As frequent as are the occaſions we have to take notice of air, water, and 
gals; our modern maſters in optics have made great diſcoveries as to the diffe- 
rent refractions of the rays of light in thoſe ſeveral mediums, with other parti- 
culars, unregarded by ſuch as are not skill'd in that ſcience. *Twas from a geo- 
metrical contemplation of the drops of dew upon the grafs and leaves, with the 
colours the riſing ſun "_ paints therein, that the Des Cartes raiſed a 
near hypotheſis to account for the phenomena of the ram-bow. For he found, 
that in one particular angle made at the | rs eye, 1 of light proceeding 
from a certain part of the drop, and the imaginary ſtrait line reaching from the 
eye to the fun's centre, the ap of red was exhibited; in another, that of 
yellow; in a third, that of blue, Gr. and in ſome, no colour at all. Till this 
time the world was i t of ſuch conſiderable properties of ſphericatdiaphanous - 
bodies illumin'd by the ſun. Thus alſo, tho* wood and timber muſt have been 
daily broke, by weights; yet till Galileo applied geometry to this ſubject, the re- 
ſiſtance of ſold bodies in breaking, by means of their own weight, or that of 
others, ſeems not to have been ſuſpected reducible to calculation. And a vir- 
tuoſo of my acquaintance, can, from a muſical inſtrument, whereof he is maſter, 
obſerve a property of metals not dreamt of by chymiſts. He hereby finds, that 
equal wires of different metals, will, upon due tenſion, yield ſounds different in 
ſharpneſs by determinate muſical notes, or the diviſions thereof. It were eaſy to 
add various other remarks, made by Merſennut and Galileo, as to the force of guns 
encreaſing proportionably to their length, but decreaſing when they come beyond 
a particular ſtindard; the parabolic lin: wherein bullets ſhot out of a gun are ſaid. 
to move; and the like N of things, which geometricians, - 
aſtronomers, engineers, &c. have already obſerved. But I ſhall only ſubjoin one 
inſtance more to prevent our imagining that the moſt familiar objects, wherein - 
the feweſt properties ſeem diſcoverable, have been ſufficiently conſider d. What 
phenomenon in nature occurs more frequently than the falling of heavy Wales : 
yet not a ſoul, that we know of, once made a fair attempt to determine their ac- 
quired velocity till Galilee reduced it to the proportion formerly mention d; 
wherein moſt of the ſucceeding mathematicians have acquieſced. In a Word, 
till geometry, mechanics, optics, and the like ſciences, be more generally and 
*kilfully applied to philoſophy, many properties and uſes of natural thnigs, mult, 
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Fre the And as we have hitherto obſerved of bodies, ſo will I venture to add of qui: 
lk my lities, and various other things in nature, that even the moſt obvious may have 
«be overhot's attributes and uſes which learned men overlook. That black bodies, for inſtance, 
| -are ſooner heated by the fun than white ones, or thoſe of any lighe colour, is, 
perhaps, but very little taken notice of; yet this is demonſtrable in many parti- 
culars, as may eaſily be try'd in a black glove, and a white one; or in two eggs, 
one whereof is black d. Cold is one of the moſt familiar qualities * 
with; and tho little is apt to be expected therefrom, it will perform the office 
of heat in ſpirit of wine, and preſent us with inflammable ſpirit from beer, and 
ther liquors ſmaller than wine. * And, to paſs by Paracelſzs's proceſs of making 
the eſſence of wine by freezing all the phlegm; thoſe who have failed into the 
frigid zone aſſure us, from repeated experiments, that not only wine, but beer, 
by a congelation of their more aqueous parts, will ſeparate therefrom a ſtrong, 
kot, ſpirituous liquor. Even in our own temperate climate ſome odd ſeparations 
may be made by cold; as, particularly, of a liquor from oil, much finer, and 
-more-{pirituous than the reſt. I Know an eminent artificer who held it as a 
ſecret, to reſort, in hard froſts, to large jars of oil, and there take out the 
thin fluid from the cracks in the congeal'd part; this being much better than 
the other to preſerve things from ruſt; and for this ſe, alſo, ſome watch- 
.makers, who were made acquainted with irs virtue, iohly eſteem'd it. But it 
were tedious to infiſt on all the inſtances produceable of applications that may be 
made of colours, ſound, levity, elaſticity, fermentation, and putrefaction; and 
endleſs 2 99 what might be afforded by more general and active ſtates and 
Faculties of bodies. For, not only motion, and reſt, fluidity, and firmneſs, gra- 
vity, and the like, have a more univerſal influence on things than even philoſo- 
hers obſerve; bur the leſs general properties of matter, reckon'd among particu- 
Er qualities, as reſpective gravity and heat, may be ſo diffuſive and ppc to 
Io. many different purpoſes, that tis a queſtion whether all the uſes of that par- 
ticular degree of heat in fire will be diſcover'd while the world endures, I muſt 
Not here omit, that many more qualities in the moſt known bodies wou'd, pro- 
bably be remark'd, did we not want ſuch a meaſure of particular curioſity, for 
of the general I don't here ſpeak, as might be juſtly expected; ſuch a curioſity, 
I mean, as to the things wherewith we familiarly converſe, as we could ſcarce want 
but thro' lazineſs or prejudice; whence we preſume to take for granted what we 
-ought to try and examine. Thus, that falling bodies deſcend the quicker in pro- 
portion to their weight, has been believ d in the ſchools ſince the days of 4ri- 
fotle, and prevented the truth from being taken notice of; namely, that all bodies, 
how different ſoever in bulk and weight, deſcend with equal velocity ; till inqui- 
ditive men lately found it by 7 
That water by being froze contracts into a leſs co is ſtill the opinion 
both.of the vulgar and generality of learned men; yet the quite contrary is evi- 
dent from experience: and the bubbles that are uſually found in ice, with its 
floating upon water, might make a conſidering man ſuſpect it. The air we breathe 
Has, for. many ages, been ſuppoſed a body endow'd with poſitive levity ; but is 
*. Dr. Bea! has obſervd, that a vehement] and he ſeems to think it might be applied to other 
Hegree of cold i] ſer ve to diſtil ſpirit of wine | purpoles, See.Philoſ. Tranſ. No 56, p. 1140. 
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men had the curioſity to examin, they wou'd find it heavy: even that 


I45 


common way of condenſing it in a blown bladder confirms this aſſerti- 


on; for, allowing the included air not to be in its natural ſtate, but 
crowded together; yet if the particles whereof it conſiſts be actually 


light, they ought to weigh lighter when the bladder is filled with them. 


However, there are other methods of making the experiment clear of 
this objection. 

Large ſounds are commonly thought to move ſwifter than ſmall ones: 
tis true, indeed, they don't both reach to the ſame diſtance; but, tis 
known from late obſervations, that they go with equal velocity. That 
a load-ſtone, which by immediate contact takes up iron, ſhou'd have 
this power greatly encreaſed, when capped, or by a piece of a ſteel, of 
a proper ſhape, interpoſing between the body and it, ſeems ſtrange ; and 
what the ancients, who admired its attractive virtue, never vouchſafed 
to try: but he muſt be a novice in magnetics who can doubt hereof, 
fince Gilbert wrote. Magnetics is ſo large a field, that it wou'd be te- 
dious to enumerate all the truths I cou'd therein deliver; and theſe, too, 
are ſuch as few wou'd think probable enough to deſerve a trial. Un- 
faked lime is generally believ'd, both by the vulgar and the learned, 
to grow hot by Artiperiſtafir, if cold water be poured thereon ; and, 
contrariwiſe, when the water is heated; and ſome have even uſed it as 
an argument in the proof of other things: but a few experiments might 
eaſily diſabuſe them; for by the affuſion of various liquors, actuall 
warm, I have made lime lake, at leaſt with irs uſual violence; an 
on the contrary, I have preſerved other parcels of it, for a long time, 
— 215 in liquors actually cold, whereto it has imparted no ſenſible 
heat. 

The quality of the inſtances here alledged renders it needleſs to en- 
creaſe their number, ſince a greater inducement can hardly be deſired 
for us to expect the diſcovery of new properties in the works of nature, 
were our curioſity but duly employ d in making experiments, than, 
that many have been found which ſeem'd fo unlikely, that twas thought 
in vain to ſearch for them. It might here be added, that bodies of the 
ſame denomination, whence men uſually expe& only the ſame operations 
and uſes, may yet have peculiar ones, and ſometimes different from 
each other. We may rl conſider, that the faculties and qualities 


New properties of 


bodies ariſe from 


of things being, generally, only certain relations either to each other, or diſcovering their 


to men; when that whereto they relate is better underſtood, many of 


them, wherewith we are already tolerably acquainted, may be found to 
have uſeful properties hitherto unobſerved, By the qualities of things 
being relative, I mean, they have ſo great a dependance on the ſtructure 
or conſtitutions of other bodies diſpoſed or indiſpoſed to be acted upon 
thereby, that, did no ſuch objects exiſt, thoſe qualities in the bodies 
ſaid to be endow'd therewith, wou'd be only diſpoſitions to produce 
ſuch effects, if convenient objects were not wanting. Thus, for example, 


the faculty of a key, as to its opening or ſhutting, depengs upon the 
Vo I. I. X correſ- 


relations. 


| 
| 
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correſpondent lock; but if no ſuch thing as that exiſted, the key wou'd 
be a bare piece of iron, of a determinate fize and ſhape. So, many a 
thing that ſeems uſeleſs to us, whilſt conſider d only with regard to it- 
ſelf, may hereafter prove highly ſerviceable, when other bodies, whereon 
tis peculiarly fitted to act, ſhall come to be diſcover'd. Tho' iron was 
known and employ d from the earlieſt ages; tho' its uſes are numerous; 
and tho it had paſſed thro' the hands of chymiſts, phyſicians, minera- 
liſts, Oc. and been employ'd to numberleſs different purpoſes, for ſome 
thouſands of years; yet it conceal'd its nobleſt and moſt uſeful property, 
that of pointing north and ſouth, when touched with a load-ſtone, till 
within theſe three or four ages. 

After all the vain attempts of chymiſts to fix the fluid body of quick- 
filver, which, tho' the ſharpeſt froſt fails to congeal it, the vapor of 
melted lead will ſometimes render conſiſtent, tough, and hard. Upon 
what variety of bodies has vinegar been employ'd; and how many pur- 
poſes had ir ſerved, eſpecially by means of its acidity, before it was put 
to the diflolving of crude or calcined lead; when it exhibited a ſweet- 
nefs beyond that of ſugar ? | 

Spirit of urine has long been known to chymiſts, and ſeems likely to 

e an excellent menftruum for ſeveral bodies; but after having been 

— 40 to diſſolve various ſolids, twas improbable it ſhou'd coagulate 
with ſo thin, light, and volatile a fluid as ſpirit of wine; yet if theſe 
two li be ſufficiently pure, they afford, when mix d, a ſtrange and 
perfectly white concretion. The ſpirituous parts of urine, likewiſe, 
without being ſeparated from the others, have a ſtill more extraordinary 
faculty when duly applied to musk. Of this I was inform'd by a ſcholar, 
who, living in China, had often ſeen musk made. Tis there the prac- 
tice, he told me, either before or after this drug is put into the cod, 
or bags, prepared of the animal's skin, to hang it in a neceſſary-houſe, 
bur not low enough to touch the filth; that ſo it may receive the fetid 
exhalations of the place, for ſome days, whereby its leſs active ſcent is 
fetched out and heighten d. The fame perſon, having carried a parce! 
hereof from that country to ſome remoter parts of the Indies, found the 
voyage had tly decay'd its ſtrength, which he reſtored by tying it 
up in a bladder wherein many ſmall holes were made with a needle, 
and laying it in ſuch a place as was juſt mention'd. An eminent phy- 
ſician of Rome, alſo, tells it as a ſecret, praiſed among the perfumers 
of that city, to recover the ſcent of decay'd musk, by keeping it wrapp'd 
up in linen well moiſten'd with rank urine. Gypſum is put to ſeveral 
uſes by the ſtone-cutters, thoſe who mould plaiſter or wax, and other ar- 
rificers ; but one wou'd not ſuſpe& it ſhou'd alſo be applied as a re- 
medy to canary ; yet, that — err of it are mixed there with, 
is not only a tradition among the dealers in that wine, but comes to me 
confirm'd by an eminent wine-merchant who lived many years in the 
Canaries : and a curious eye-witneſs aſſur'd me, that about Malaga, a 
large quantity of it is tunn'd up with the juice of the grapes. Silver 
18 
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is a noble metal, and has been very long known and employ'd ; yet one 
very fine uſe thereof was diſcover d only ſince the art of annealing up- 
on glaſs came to be practiſed. For, prepared ſilver, or even the crude 
metal, being here burnt on a glaſs plate, will tinge it of a fine yellow 
or golden colour. There are alſo ſeyeral mineral earths, and other 
courſe foſſils, of uſe in this art; which, by means of fire, impart tranſ- 
parent colours to glaſs, and ſometimes very different from thoſe of the 
bodies themſelves. Hence it appears, that we can ſcarce ever be ſure we 
know the ſeveral uſes obrainable from the bodies we converſe with ; 
fince upon the invention of a new art or trade, whereof a vaſt variety 
will, perhaps, hereafter be diſcover'd, many unſuſpected applications of 
things may chance to be made. Lixivia, prepared of common aſhes, have 
long been very familiarly uſed to waſh linen ; but this ſeems very re- 
mote from the property they have, when ſtrong, to turn ſyrup of vio- 
lets, or the bruiſed flowers of that plant, to a perfe& green, in an in- 
ſtant. Red is an obvious, and, generally, a pleaſing colour; but 
offenſive to the eyes of a turkey-cock, that it cauſes great ſigns o 
offence in that fowl. Oak-leaves, whereof no extraordinary property 
is uſually obſerv'd, being, when freſh gather'd, immerſed in mineral 
chalybeate waters, will turn them blue, or black, according to the pro- 
rtion and ſtrength of the two ingredients. It does not ſeem probable 
that charcoal ſhou d be a proper thing wherewith to cleanſe and brighten 
icular metals, or to promote a clearneſs, and give a gloſs to ſome 
tranſparent bodies; but mathematical · inſtrument- makers, gravers, Cc. 
find it excellent to poliſh their braſs and copper plates, after they have 
been rubbed clean with powder d pumice-ſtone. The more curious, will, 
for this purpoſe, burn it a ſecond time, and quench it in a convenient 
fluid. Plates of horn are alſo poliſhable the ſame way ; and to thoſe of 
metal, a gloſs may be afterwards given with tripoly. We may here ob- 
ſerve, that not only the nature of the body to be work'd on, but ſome 
particular circumſtances relating to it, may alſo contribute to the effects 
of ſuch experiments as we have mention'd. 'Thus it ſeems improbable, 
that water, being apt to run out wherever it finds a vent, ſhou'd of it- 
ſelf become the fitteſt inſtrument for cloſing leaky wooden veſſels; which 
it does by plumping up and ſwelling the adjacent parts. And upon the 
like effe& depends that odd experiment, ſo much talk'd of by eminent 
Engliſh ſailors, of immediately ſtopping a ſmall leak in a ſhip by thruſt- 
ing thereinto a piece of ſalt beef; for the ſea water, being freſher than 
the brine that is imbibed, penetrates into the compact body of the beef, 
opens the ſalts, and cauſes it to ſwell ſo as to bear ſtrongly againſt the 
edpes of the broken planks, and thereby hinder the water from flowing in. 

t us next conſider, that a body in aſſociation may have new uſes, 
and ſome of them quite diffe rent from what it had alone; I mean, 
two or more materials being conjoin'd, may be qualified to act on 
a third, upon account of freſh properties thence accruing to the 


compoſition. As tin is flexible, and yields but a dead ſound, who 
| > of wou'd 


147 


Z dies & conjanc - 
tion may hate 
nen ſes. 


148 


The Uſefulneſs of Philoſophy. 
wou'd dream, that a conſiderable uſe of it ſhou'd be to make a leſ; 
yielding and better ſounding metal more ftrong and ſonorous ? yet bell- 
metal is principally compoſed of tin and copper. In the preparation of 
common ink, the infuſion or decoction of galls is either yellowiſh or 
reddiſh; and the ſolution of vitriol, as that concrete partakes more of 
iron or copper, Will be green or blue; yet tis the mixture of theſe two 
that gives the blackneſs. That oil ſhou'd be a principal ingredient in 
a tenacious cement, and the only liquid one employ'd, cou'd not well be 
ſuſpected; yet, not to mention my own trials as to this particular, an 
ingenious man, well verſed in water-works, aſſures me, the beſt method 
he knows to cloſe and mend the pipes of ſubterraneous aqueducts, is 
with dry tobacco-pipe clay, pulverized, mix'd with a large quantity of 
ſhort flocks, and carefully beat up, with linſeed oil, into a ſtiff paſte, 
And before I learnt this, having occaſion to try ſome experiments re- 
lating to cements, an ancient artificer, employ'd to keep in order the 
conduits that brought water ro London, alſo told me, in exchange for a 
lute I raught him, that oil was a chief, and the only liquid thing in the 
cement he uſed about that important work. Lead is one of the moſt 
opake and flexible bodies in nature; one wou'd not, therefore, expect it 
Mou'd make three parts in four of a tranſparent and exceeding brittle 
mixture; yet this is eaſily obtain'd by chymiſtry in the Vitrum Saturni, 
which I myſelf have often made of calcined lead, and powder'd flint, or 
ſand. Who wou'd expect, that the fix'd ſalt of kali, which is of a 
ſtrong and fiery taſte, eaſily ſoluble in water, or even the moiſture of 
the air, ſhou'd be one of the two principal ingredients of a ſubſtance 
perfectly inſipid, and undiſſolvable even in the moſt corrofive and pe- 
netrating menſtrua? yet ſuch a ſubſtance is glaſs. I confeſs, I doubted 
whether there was any large quantity of alkalizate falt in glaſs, till en- 
quiring of an ingenious maſter of a glaſs-houſe, he told me, they ob- 
tain'd many pounds in an hundred above the weight of the ſand em- 
ploy d to make it; and that the alkali did not only ſeem to promote the 
fuſion of the ſand, but largely contribute to compoſe the glaſs. And 
that bodies in conjunction are applicable to new uſes, and, perhaps, to 
ſome quite difterent from thoſe they had when ſeparate, may be ſhewn 
by many examples. Thus, oil, tallow, and the like un&uous materials, 
which of themſelves ſpot and defile apparel ; will, when skilfully join'd 
with others, tho' but a lixiviate ſalt and fair water, greatly contribute 
to make ſoap, whereby ſuch blemiſhes are eaſily removed. Salt of tar- 
tar is a fix d body, and has a fixing quality; yet when skilfully aſſo- 
ciated with the moſt fixed. body, gold, diſſolved in Agua regia, the gold 
precipitated by this incombuſtible ſalt, becomes ſo exceeding volatile, 
that by a leſs degree of heat than wou'd kindle any known body in 


nature, 'twill give a report vaſtly more violent than that of gun-pow- 


der. And, what is no leſs ſtrange, the inflammable body of ſulphur be- 
ing mixed herewith, will, tho“ fired, hinder this very inflammable gold 
from lighting; and thereby turn it into a medicine, ſaid to be diapho- 
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retic ; Which, by means of a crucible, I have long continued in the fire 
hou loſs. That the proportion, alſo, of ingredients may greatly 3 
vary the effects and uſes of mixtures, we have a remarkable inſtance in 2 f — 4 
the mineral call'd by the glaſs-men Manganex e; which» tho” of itſelf it F managemene: 
be courſe and dark, and when added to the materials of glaſs in too 
large a proportion, makes that black ſort which is ſold in the ſhops ; yet 
a moderate quantity of it is uſed to turn glaſs red, and a ſmaller to 
render it clear and tranſparent. Again, a body, by different prepara- 
tion or management, may be fitted for new, and, perhaps, — 
rpoſes: for the qualities of materials generally upon the 

texture of the ſmall parts whereof they conſiſt, the ways of ordering 
them, whether by an addition, detraction, or tranſportation of their com- 
ponent corpuſcles, ſo as to produce any remarkable change in their tex- 
. ture, bid fair to introduce ne properties and uſes. Thus, mere tradeſ- 
men, by varying the viſible ſhape of certain portions of iron, and con- 
ne&ing ſome of them after a po_ manner, have converted it to va- 
| rious purpoſes; as we ſee in the ſhops of iron-mongers, clock-makers, &c. 

And to give a more phyſical inſtance, in the ſame metal, what an im- 

mediate alteration is made in the inviſible texture thereof by fire? The 
ſame bar of. iron, by means of that and water, is hardened, and 
| brought to a condition fit for drills, {prings, Cc. to make which, diffe- 
6 rent 2 of temper are required in the metal. But to leave ſuch 
caſes where no new ingredient is either added to, or taken from the 
body to be alter'd, and come to thoſe wherein the addition ſeems to 
have but an inconſiderable ſhare in the change. Paper, beſides its com- 
mon uſes, may be made into frames for pictures, fine emboſs'd work, 
and curious moveables ; by ſteeping a convenient quantity of the beſt 
white ſort, for two or three days, in water, till it becomes very ſoft ; 
then reducing it, by the mortar, and hot water, into a thin pulp, to be 
laid on a fieve to drain off its ſuperfluous moiſture ; and afterwards 
putting it into warm water, wherein a conſiderable quantity of fiſh- 
glue, or common ſize, has been difſolv'd ; for being now with a ſponge 
preſſed into moulds to acquire the figure deſign'd, it may, when taken 
out, be ſtrengthen'd, as occaſion requires, with plaiſter, or moiſten'd 
chalk, and when uy dried, painted, or overlaid. Another uncom- 
mon uſe of paper, is to {top up cracks or fiſſures in wooden inſtruments 
and veſſels to hold water; for in this caſe it will forcibly dilate and fill 
the place wherein *tis lodged. The ſugar-cane was known in many | 
countries and ages, as to the ſweetneſs of its juice, wherein ſugar never 
ſeems to have been made therewith, for want of knowing how to coa- 
gulate it into ſo durable a ſubſtance. Tobacco, alſo, was a noted plant 
in the Weſt-Indies, but ſuffer d yearly to periſh, like other herbs, till mo- 
dern induſtry found the way to cure it, and at length improve it, merely 
by force of skill, to a condition fit for ſale and tranſportation over all 
the globe. The leaves of indigo, likewiſe, which wou'd otherwiſe 
periſh like thoſe of common ſhrubs, have by the ſole way of * 
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them, which too conſiſts in deduction rather than addition, lonp 
been made to afford a laſting pigment ; which is one of the moſt ſtaple 
commodities of the Eaſi- Indies. I might add the — uſes we make of 
madder, woad, and many other periſhable plants, by the methods where. 
in they are order'd ; but theſe are not comparable to the advantages 
formerly mention d of the plant Mandiocha, which, tho' actually poiſon- 
ous, yields, by an eaſy management of the ſavage Americans, buth excel- 
lent bread and drink. The ſhreds and parings of leather, parchment, 
or vellom, only by being long boil'd in fair water, and ſtrain'd, make 
ſize; which is very uſetul in ſeveral trades: and, to inſtance in an eaſy 
experiment, fine red ſtands, and hanging ſhelves, are coloured with 
ground vermillion, temper'd herewith; being, when dry, laid over with 
common varniſh. It ſeems ſcarce credible, that ivory ſhou'd, without 
any addition, afford the moſt perfe& black yet known; which is obtain- 
able by burning it a while in a cloſe veſſel, or committing it in ſeveral 
folds of wet paper, to hot coals and aſhes. By the way, this ivory-black 
is ſo excellent in its kind, that ſcarce any thing ſerves ſo well for foils 
to the nobleſt gems and diamonds : and a jeweller, whom I employ'd, con- 
feſs d, he thus uſed it when his work was deſign'd to be extraordinary, 
That the ſtrait-gut of an ox ſhou'd, by the management of illiterate 
tradeſmen, become tranſparent, and, tho reduc'd to a thinneſs exceed- 
ing that of paper, continue incredibly firm and tough, ſeems ſtrange; 
but 'ris a practice with gold-beaters to include 1 of gold be⸗ 
tween theſe fine membranes, and thereon to beſtow many ſtrong 
blows with a vaſt, heavy hammer, made on purpoſe, ſo as to attenuate 
and dilate the metal, whilſt the skins continue firm and unbroken ; as 
I have with wonder obſerv d. The inſtances here produced are, gene- 
rally, ſuch as nature alone, or aſſiſted by illiterate —_— affords us. 
It cannot, therefore, be queſtion'd, that more skilful management may 
produce great changes in bodies, and fit them for new uſes; eſpecially, 
if chymiſtry, mechanics, and mathematics, ſhou'd contribute their aſſiſ- 
tance. That mathematical skill may teach men to order natural things 
ſo as to obtain other uſes from them than are commonly thought of, 
may appear from ſeveral particulars. By barely giving to a piece of 
glaſs a priſmatic figure, that body will beautifully repreſent all the co- 
lours of the rain- bow in an inſtant. A concave foliated glaſs, or me- 
talline ſpeculum, will burn vehemently by reflection; and a convex glaſs, 
or even water in the ſame figure, will do the like by refraction. A con- 
cave ſpherical vial, indeed, will not of itſelf do this, tho' it tranſmit 
the rays; but it will when filled with water. And, perhaps, ice itſelf, 
that is free from bubbles, and reduced to a ſpherical figure, will ſerve 
for the ſame purpoſe. But this effect wou'd be far greater, if two con- 
cave glaſſes of like ſhape, equal ſize, and truly ground, were by a frame 
join'd cloſe at their edges, ſo that the cavity between the inſide of the 


glaſſes and the frame may be filled with water ; for, thus the whole will 


lerve as a double convex glaſs; ſome whereof I have ſeep, which 4 
this 
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this contrivance may be made much | than the common ſort, that 
conſiſt of a ſingle piece of glaſs. Glaſs-ftopples are made by giving them 
an almoſt conical figure, and a ſurface, fitted by grinding to touch cloſe- 
ly with the inſide of the neck of the bottle; yer this ſimple mechanical 
contrivance is ſo excellent, that neither Aqua fortis, or the moſt ſubtile 
ſpirits, can poſſibly eſcape where tis uſed. And by this means I re- 
member ſpirit of ſal-armoniac preſerv d exceeding freſh and ſtrong, for 
ſeven years. | 
Chymiſts, we ſee, can from ſome wild fruits, or the lees of liquors, 
draw an inflammable ſpirit which may ſerve, in many caſes, for that 
of wine; from the dryeſt ſolid woods, or bones of animals, force large 
ntities of ſpirit, oil, and phlegm ; and from the opake body of lead, 
mix'd with ſand, and a few grains, perhaps, of metalline pigment, 
ſome of them can, in two or three hours, make various artificial ſtones 
that ſhall pl eaſingly imitate rubies, emeralds, Oc. What improbable effects 
are ſometimes producible by a ſlight chymical preparation, a from 
the Bolonian ſtone; which, tho' its appearance promiſe nothing of the 
kind, acquires by calcination a ſtrange property of ſhining in the dark, 
ſoon after having been expoſed to the ſun. And, truly, very trivial cir- 
cumſtances in the management of a body, will, ſometimes, produce conſi- 
derable and unlikely effects. Tis commonly obſery'd, that ſalt diſſolved 
in water — prevents the coagulation thereof; yet the ſame ſalt ex- 
ternally applied to water, greatly contributes, with ſnow or ice, to make 
it freeze artificially; and is ſo neceſſary hereto, that they, without the 
aſſiſtance hereof, will not uſually in our climate readily produce any 
ice; as I have purpoſely tried. There is a certain powder, which by 
the proportion and mixture of nitre, its chief ingredient, with the reſt, 
obtains ſo odd a texture, that if expoſed in a crucible to the fire, as 
uſual, *rwou'd blow up with great violence; yet if inſtead of kindling 
it from the bottom upwards, that be done from the top downwards, no 
danger enſues; but it makes a powerful flux for the reduction of me- 
talline powders, wherewith tis mix'd, into a body. But, laſtly, the ge- 
nerality of effects being not producible by one unaſſiſted production 
either of nature or art, but by the concurrence of ſeveral ; whoever is 
ignorant of the nature or properties of all the other bodies wherewith 
the ſubje& of an experiment either is or may be uſefully join'd or em- 
ploy'd, cannot diſcern all the effects of that experiment. And a body 
that ſeems uſeleſs to the main and ultimate end, may greatly contri- 
bute in ſome intermediate or ſubordinate part of the operation. Thus, 
tho' ſpirit of wine will ſcarce ever extract a red tincture from the flow- 
ers of ſulphur; yet theſe being open'd and flux'd together, with an equal 
weight of ſalt of tartar, I have found them, in a few minutes, yield, 
with a gentle heat, a blood-red ſolution or tincture in that ſpirit well 
re&ified ; which being afterwards freed from the ſuperfluous menſtruum, 
affords a much finer balſam than that prepared with oil of turpentine. 
: Tis uſually thought impoſſible to gild iron with water-gold, that is by 
means 
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means of quick-ſilver; yet I know a very ingenious tradeſman who 
cou'd perform it by the mediation of another body, before the applicati- 
on of the amalgam. His way was, firſt to lay the iron, to be gilt, over 
with copper, by help of ſome diſtill'd liquors temper'd with other ingre- 
dients, wherein the metal being very carefully immerſed, the experiment 
ſucceeded ; otherwiſe the iron wou'd be ſpoil'd. But to prevent this in- 
convenience, he caſed it, when bright, with copper, by frequently immer- 
ſing it in a ſtrong ſolution of good vitriol, that contain'd copper, in warm 
water; ſuffering it each time to dry of itſelf, till copper enough remain d 
thereon. And by this certain, cheap, and eaſy way, iron may be gilt, 
as copper, with the amalgam of gold, and mercury. It muſt here be 
obſerved, that, tho the ſeveral parts of an experiment may, in moſt caſes, 
be ny phyſical or chymical, for inſtance ; yet it might frequently be 
more advantagiouſly contrived, that while one part is phyſical, the 
others ſhou'd be perform d by particular arts, as ſtatics, mechanics, 
hydroſtatics, Qc. ſo that by a concurrence of different parts of knowy- 
ledge to the ſame operation, many things will, queſtionleſs, be perform'd 
which have not hitherto been attempted or dreamt of. For whoever is 
skill'd only in one of theſe parts of learning, muſt needs be crampt in 
his attempts, and confin'd to operate by ſuch means and inſtruments as 
lie within his reach; which muſt, therefore, often prove defe&ive. Thus 
not only handicraft-trades do many of them mutually aſſiſt each other, 
but the nobler arts ſometimes ſtand in need of the meaner, as well as 
of one another. The maſters of catoptrics, tis true, are well acquaint- 
ed with the properties of the various kinds of ſpecula; but in order to 
procure them in perfection, they muſt have recourſe to the chymiſt or 
the founder; and for the poliſh, to the ſmith, ſtone- cutter, &c. To 
make a pair of organs requires skill in the theory of muſic, a know- 
ledge in wood as to its conditions, and the ways of ſeaſoning it, in tur- 
nery, joinery, and the effects and mixture of metals, with the method of 
caſting them to form ſonorous pipes of the due figure, and with the 
proper qualifications. Bells, and other muſical inſtruments, might afford 
us many more examples to this purpoſe ; but I proceed to thoſe of ano- 
ther kind. Tho' the nature * and brimſtone be ever ſo atten- 
tively conſider d apart, that will never enable any one to make the more 
conſiderable uſes of either, till they are skilfully join'd together, with 
charcoal, in gun-powder; which, conſiſting of theſe three different in- 
gredients, neither being of itſelf ſufficient to produce the effect of the 
compoſition, but all jointly contributing thereto, affords a remar- 
kable inſtance of what I wou'd ſhew. Another conſiderable uſe of ſul- 
phur will remain unknown to him who is unacquainted with ſome pro- 
perties of common oil and calcin'd alabaſter. For by means hereof 
moulds may be made wherein to caſt off the impreſſion of emboſſed- work 
on metals; which, tlioꝰ it appear ſtrange, is eaſily praiſed. The method 
is this. About the work, whoſe impreſſion is deſired, having made a 
ledge of clay, and carefully oil'd the whole; brimſtone melted in a — 
| cover. 
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cover'd veſſel, to prevent its firing, is, whilſt hot, poured gently upon the 
emboſſed metal, in a large quantity, that ſo the mould may be the ſtronger: 
about the edge of this mould make a border of clay, as before, and 
lightly oil the internal ſurface of both ; then pour gradually into it, to 
the thickneſs of about the quarter of an inch, a mixture made up, with 
calcin'd alabaſter and water, to the conſiſtence of ſtiff honey; which ſoon 
growing hard, may be taken out of the mould. And thus I have, ſome- 
times in a few minutes, eaſily obtain'd the image of a coin, medal, or 
landſcape. And, as I lately hinted, particular bodies may often conduce 
to the principal effect of an operation, by performing ſome ſubordinate 
or intermediate offices remote from the ultimate effect. Thus, Aqua for- 
tis, tho" it eagerly corrodes both ſilver and braſs; contrary to all pro- 
bability, greatly contributes to the ſilvering of braſs, in the following 
manner, which is more applauded than known. Firſt, this menſtruum 
excellently ſerves to cleanſe emboſſed work, or pieces of metal whoſe un- 
equal ſurfaces prevent the application of tripoly, or the common pow- 
ders for cleaning of braſs ; for ſuch bodies being lightly waſh'd over 
therewith, and immediately thrown into fair water, the foulneſs will 
be thus fretted off, and the work not disfigured : and on the ſcouring 
of the metal the ſucceſs of the experiment greatly depends. Secondly, 
fine fiiver muſt be diffolved, by the ſame menſtruum, in a broad bottom d 
veſlel of glaſs or glaz'd earth; and the Aqua fortis being afterwards evapo- 
rated, water is to be poured upon the remaining calx, in a ſufficient 
quantity, to diſſolve it. This water, alſo, mult be evaporated, and the 
like operation repeated as often as there's occaſion ; the fire being en- 
creaſed towards the latter end, ſo as to leave a perfectly dry and white 
calx, which will thus be tolerably freed from the fetid fretting ſpirits of 
the Aqua fortis, Of this calx take one part, and an equal meaſure, not 
weight, of common ſalt, and of the cryſtals of tartar, and mix them 
together into a fine powder ; then having firſt plunged the ſcoured braſs 
into fair water, rub ſome of the powder upon'it with your wet fingers, 
till the cavities of its ſurface be ſufficiently filled therewith. Laſtly, 
waſh the metal well in fair water, and give it a gloſs by rubbing it hard 
with a dry cloth. This waſhing, tho' it be expeditious, cheap, and re- 
quires no quickſilver, may be made to laſt ſome years, or is eaſily re- 
newable when it begins to wear. 

To proceed; we ought not to conclude, that a particular uſe is un- 


obtainable from things, becauſe the like is had from others ſuppoſed of 


a quite different nature; for among various inſtruments employ'd to the 


tame purpoſe, ſome may exceedingly differ as to other qualities, yet 


agree in that which is requiſite to perform the office required. Thus, 
tho' roſin, and ſal-armoniac, for inſtance, differ in colour, ſcent, taſte, 
weight, and degree of hardneſs ; tho' the one be a vegetable production, 


the other a compoſition of ſeveral ſalts; this eaſily diflolvable in 
water, that not ſo but in oil; with numberleſs other diſagreements be- 


tween them; yet either of them ingly is applicable to the tinning of 
Vor. I. E braſs 


1572 


be Uſefulneſs of Philoſophy. 


braſs or copper veſſels. So, likewiſe, there appears no affinity between 
water, ſand, and tin; yet they equally ſerve for hour-glaſſes ; tho? the 
ancients, tis ſaid, employ'd only the former for that purpoſe, 

"Tis no leſs certain, that we ſhou'd not imagine, becauſe a certain 
body is uſeful on ſome occaſions, it cannot therefore be converted to 
other purpoſes, that ſeem of a different or oppoſite nature. For this! 
ſuppoſe poſſible, firſt, from the different conſtitution of the body work d 
upon by the ſame agent: thus the heat of the ſun at once melts wax, and 
hardens clay; ſpirit of vinegar, that, digeſted on filings of copper, ac- 
quires an abominable taſte, gains a great degree of {ſweetneſs from 
ſtanding upon | thoſe of lead; and, laſtly, ſpirit of ſalt, that diſlolyes 
iron and copper, like Aqua fortis, precipitates ſilver diſſolved by that 
menſtruum. Secondly, a parcel of matter, uſually conſider d as the ſame 
body, may contain parts of very different natures ; whence its operati- 
ons will be diverſified. Thus, when ſome unripe minerals are calcin'd 
with nitre, its inflammable parts burn up and diſſipate in ſmoke what 
is volatile and combuſtible of the minerals ; but by virtue of the remain- 
ing alkali of the nitre, ſeveral other parts of the mineral are thereby 
render d far more fix d, and capable of enduring the fire, than they 
were originally, So ſulphur contains ſome parts that make it more in- 
flammable than either mtre ox oil, yet abounds with acid and vitriolic 
particles, that ſtrongly reſiſt. the flame in ſeveral other bodies; and 
the fire thereof, belides its common effect ſeen in matches, acts, from its 
acidity, in a different capacity upon ſome metals, eſpecially iron, and 
alſo upon red-roſe leaves, which are turn'd white by its ſumes. Tere 
eaſy, if neceſlary, to alledge many other inſtances of the different aci- 
ons of different parts of bodies, and alſo to produce other caſes where- 
in things are convertible to uncommon uſes ; but thoſe already offer d may 
ſuffice. I have not here meddled with the medicinal uſes of things, tho 
theſe wou'd furniſh me with numerous inſtances to my preſent purpole; 
ſince abundance of bodies, both natural and artificial, uſed as reme- 
dies, have various and apparently contrary effects. The different pro- 

rties of rhubarb both to purge and bind, and of ſpirit of wine to 

t or cool, as internally or externally uſed, were formerly mention'd. 
Mercury, taken crude, has ſometimes proved innocent or effectual in caſe 
of worms; but when raiſed into fumes and receiv'd into the body, too 
often occaſions dangerous commotions. But the various and different 
operations of antimony, according to the temper and diſpoſition of the 
patient, and preparation of the mineral, may, alone, ſuffice to ſnew, that 


the medicinal uſes of things might greatly have ſwelled the number of 


my inſtances, had I thought fit to have dwelt thereon. And tho* what 

I have all along inſiſted upon, almoſt wholly relates to the neglected uſes 

of particular natural bodies, it muſt not be imagin d there are no ad- 

vantages to be had from other natural things which have hitherto been 

unknown or overlook'd. By natural things, I mean, the different ſtates 

of matter, as to rarity and denſity, fluidity and firmneſs, putrefaction 
2 


and 


, 4 _ a = 


rius dulcis, thoſe who are acquainted with the noxious qualities of arſenic 


| have ſo often met with chymical preparations inſincere, that I dare 
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and fermeAtation, with the more active qualities of heat, cold, gravity, 
Oc. the laws of local motion among the parts of matter, and the 
preſent fabric of the univerſe, eſpecrally that of the terreſtrial globe + 
and its effluvia. 


E 


5 — 


3 . 


AN Y obſervations and experiments, tho" communicated for true 1 fene, 
by ingenious authors, or unſuſpected eye-witneſſes, or, perhaps, # — 
recommended by our own experience, may, upon farther trial, fail our 
expectations: and this unhappineſs will ſometimes befal even thoſe who 
are exquiſitely skilled in the manner of making trials of different kinds; 
and that upon account of the materials employ d, or ſome miſtake in o 
their management, not ealily to be diſcern'd. Theſe materials may be 
diſtinguiſh'd into natural and factitious, genuine and adulterate, ſimple 
and compound, c. but we forbear to inſiſt on ſuch diviſions, and con- 
tent ourſelves to throw what we have to fay on this ſubje& into a few 
comprehenſive obſervations. 

And, firſt, ſeveral experiments fail of ſucceſs becauſe they are at one Fig, becanſe the' 
time tried with genuine materials, and at another with ſophiſticated ones, — 3 
of different qualities; for, ſophiſticated bodies, may, by — mixture, . 
or a deceitful way of preparation, produce ſuch effects, as had they been 
genuine they wou'd not have done. It's ſcarce imaginable to one not 
very well vers' d in drugs and ſimples, how generally they are adulte- 
rated by the fraudulent avarice of the ſeller ; eſpecially when the ſo- 
phiſtication is very gainful. It has lately been much complain'd of by 
ſome cultivators of clover-graſs, that from a great quantity of the ſeed, 
no graſs has been produced, tho' neither the ſoil nor the ſower were in 
fault. This, ſome analogical obſervations lead me to ſuſpe&, ariſes 
from the want of heart in that ſuperannuated feed ſometimes ſold in 
the ſhops. And one of the moſt eminent and ſober chymiſts of Amſter- 
dam, who was alſo an Indian merchant, aſſured me, that moſt. of the cin- 
namon, and cloves, brought into Europe, is firſt, in the Indies, defrauded of 
its aromatic parts. And to give a more appoſite inſtance to our pur- 
poſe; how conſpicuous ſoever little animals, like eels, are in tome 
vinegar, yet there are many parcels of that fluid wherein tis in vain to 
ſeek for them. 

Sublimate is commonly ſophiſticated with arſenic; and what different 
effects ſuch ſublimate may have, from that which is faithfully prepared, 
not only upon metals, but upon human bodies, when made into Mercu- 


will readily imagine. And, indeed, as for chymical preparations, there 
are ſcarce any vulgarly fold in ſhops to be rely'd on. For my part, I 


Y 2 ſcarce 
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ſcarce truſt any, either in the adminiſtration of phyſic, or ſo much as in 
any conſiderable experimeat, except what my own furnaces afford, or 
thoſe of perſons of known skill and integrity. Having occaſion to uſe 
ſome ſpirit of ſalt, whereof I was unprovided, I ſent for it to a chymiſt, 
who himſelf prepared it; and tho' I gave him his own price for it, yet 
ar the firſt rectification, even in a retort, a ſingle pound of it afforded 
fix ounces of phlegm; 'and being farther rectified, in a high body, and 
a gentle heat, the remaining ſpirit let go a ſcarce credible quantity of the 
like nauſeous liquor; and after all this ſeparation of phlegm, it was not 
pure enough for what we intended. Complaining of this to an excel- 
lent chymiſt of my acquaintance, he ſent for ſome of the ſame kind of 
{ſpirit to a very eminent diſtiller of it, who paſſes for a very honeſt 
man ; but this, beſides its weakneſs, was ſophiſticated either with ſpirit 
of nitre, or Aqua fortis; which betray'd ilell by its peculiar odious ſmell; 
whilſt ſpirit of ſalt, genuinely prepared, is commonly of a greeniſh co- 
lour, and has often a grateful ſcent. *Tis not enough, in many caſes, to 
ſeparate the aqueous parts by dephlegmation, as many chymiſts content 
themſelves to do; but ſome liquors contain alſo an unſuſpected quantity 
of ſmall corpuſcles of an earthy nature, which, aſſociated with the ſaline 
ones, clog or blunt them, and thereby weaken their activity. Such li- 
— therefore, to be well depurated, muſt be diſtill'd off with a ſlow 

„ that the dry feces may be left behind in the bottom of the glaſs, 
We have ſometimes taken of the better ſort of ſpirit of ſalt, and having 
carefully dephlegm'd it, remov'd it into glaſſes leſs tall, and gently ab- 
ſtracting the whole ſpirit, there remain'd in the bottom and neck of the 
retort, whence *twas diſtill'd, a ſurprizingly great quantity of a certain 
dry ſtiptical ſubſtance, for the moſt part of a yellowiſh colour. And the 
ſpirit of ſalt, after this ſecond depuration, was ſo chang'd, that it ſeem'd 
to be a much nobler liquor than before. But what different effects 
wou'd be produc'd by two ſuch different liquors as true ſpirit of ſalt, 
and that which is mix'd with the ſpirit of nitre; the former whereof 
will precipitate filver, when the latter has diſſolv'd it? 

Secondly, even when the materials, employ'd about experiments, 
are genuine, there may be a conſiderable difference betwixt ſubſtances 
of the ſame kind and name, and which paſs, without ſuſpicion, for bodies 
of perfectly the ſame nature. For, tho' antimony, quick-ſilver, gold, 
copper, Oc. are ſeverally, without ſcruple, ſuppos'd of the ſame nature, 
and perfectly ſimilar to themſelves ; yet there is a manifeſt difference in 
them, as well as in vegetables or animals of the ſame ſpecies. Thus, 
as the white-roſe, the red, and the damask, differ greatly from one 
another, tho all three are roſes; and as the ſour and ſweet orange are 
very different betwixt themſelves, and both of them from the China- 
orange, tho all are oranges; and as the hound, the grey-hound, the 
ſpaniel, the tumbler, the maſtiff, Cc. are very differently qualified, tho 
all of them are dogs; ſo the different parcels of antimony to be met 
with in mines, have different qualities, tho* all of them are antimonial 

concretes. 
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concretes. There is, indeed, this difference betwixt the variety to be 
obſerv'd in vegetables and animals, and that in minerals, that the former 
is more obvious to the eye, and betrays itſelf by ſomething remarkable 
either in the ſize of the creatures of the ſame kind, or in ſome , 

culiar ſhape or colour ; whereas, minerals appearing to the eye either 


perfectly ſimilar, as metals, or at leaſt to conſiſt of but two or three 


diſtin& ingredients, as cinnabar, and ſome other mineral concretions ; 
the diverſity to be found betwixt minerals of the ſame denomination, is 
hardly diſcernible till experience diſcovers it. 'The womb of a mineral 
is not always, like that of an animal, a place ſecured from the intruſion 
of all bodies not of kin to that included in it; but a mineral, being 
generated in the bowels of the earth, lies open and expoſed to other mi- 
neral juices or ſteams of what different nature ſoever; ſo that I have 
obſerv'd marcaſites and metals, marcaſites and tones, ſalt and ſulphur, 
&c blended in the ſame lump of matter. And I have ſometimes found, 
in a great maſs of one ſort of mineral, ſmall parcels of another of a 
quite different kind, perfectly enclos'd in the ſubſtance of the former. 
And theſe intruding bodies being coagulated, and, perhaps, ripen'd to- 
gether with the former by length of time, are not eaſily ſeparable or 
diſtinguiſhable when firſt dug out of the ground, much leſs after they 
are melted. For the miner, aiming only to obtain a quantity of ſuch a 
metal, or other mineral, as 1s vendible under a determinate name, has 
no deſign, nor, perhaps, skill, to make nice ſeparations of the hetero- 
geneous bodies to be met with in his ore; but melts as much of them 
as he poſſibly can promiſcuouſly together, and then ſells the product to the 
merchant, or the chymiſt, for that metal or mineral whoſe outward form 
and properties it has; tho* the metal for which it paſſes be but the pre- 
dominant ingredient of the lump. So that many other minerals may, in 
ſmall quantities, here lie conceal'd, and upon occaſion be diſcover'd by 
exquiſite ſeparations, or manifeſt themſelves by unexpected operations 

when they meet with bodies fit to a& on. | 
An ingenious goldſmith of my acquaintance, complain'd to me, that 
frequently buying parcels of gold, brought in ſmall pieces, or ſandy cor- 
puſcles, from Guinea; tho' he found it upon all trials to be true gold, 
yet it was ſo very pale, that few but expert goldſmiths wou'd meddle 
with it; ſo that he was ſometimes reduc d to melt it with very high co- 
lour'd gold, or to heighten its tincture with that of copper. And Mon- 
ſieur Hacourt, governor of the French plantation in Madagaſcar, ſpeak- 
ing, in his hiſtory of that iſland, of the metals there, ſays, the inhabi- 
'* tants have a gold of a different nature from that in Europe; and adds, 
that this gold is pale, and not worth above fifty ſhillings an ounce;” 
and farther, © that the negroes affirm there are many mines of it in the 
* country, where it was formerly dug; that there are three ſorts there- 
of, differing in fineneſs from each other ;”” and, what is moſt remarka- 
ble, © that Malacaſſean gold, as they call it, is almoſt as ealily melted as 
: lead; 


156 


The Uſefulneſs of Philoſophy. 


lead; whilſt the fine gold we deal with, requires vehement fires and 
borax to facilitate its fuſion. | 

Upon viſiting ſome mines of lead, and other metals, I found a great 
difference, diſgernible even to the eye, betwixt the ſeveral ores; for in- 
ſtance, I obſerv'd ſome lead-ore ſo like ſteel, that the workmen call it 
ſteel-ore ; which being of a more difficult fuſion than ordinary, they 
mix with other ore, by them call'd firm-ore, when they commit it to 
the furnace. I likewiſe took notice of an ore, which, for its aptneſs to 
vitrify, and ſerve the potters to glaze their veſſels, the miners call pot- 
tern-ore, and ſell it dearer than other ore, from which it viſibly differs, 
and, as the workmen affirm, in many other qualities; yet all theſe 
ores, after fuſion, paſs indifferently under the name and notion of lead. 
No wonder, then, that curious enquirers find a great variation herein. I 
lately caus'd ſome lead-ore to be tried, which being the moſt promiſing 
I ever ſaw, made me ſuppoſe it might contain ſome conſiderable quan- 
tity of ſilver ; but tho” it prov'd ſo rich in lead as to yield after the rate 
of ſeventy pound in the hundred, yet one of the * expert artiſts in 
Europe cou d not extract one grain of ſilver out of it; tho? the lead of 
very many mines, being skilfully treated, will leave a proportion of pure 
ſilver upon the teſt. This quantity of ſilver, indeed, is not conſidera- 
ble enough to make ſuch mines as yield that lead paſs for ſilver- mines; 
yet ſuch mines as are look d upon but as lead-mines by the metalliſt, 
will appear to be mix'd ones to the naturaliſt; who may meet with ſe- 
veral experiments wherein ſo little ſilver will make their lead operate 
differently from that of ores wholly deſtitute of ſilver. 

The ſame differences might, probably, be found in the ores of other me- 
tals, if they were purpoſely and skilfully examined. A very experienced 
perſon in theſe affairs, was lately very deſirous I ſhou'd procure him 
{ome tin-ore; alledging, that he had met with a ſort, which, after a long 
digeſtion in lixiviate liquors, afforded him a very conſiderable proporti- 
on of the richer metals; ſo that having a large quantity of that ore, and 


finding the experiment on it to ſucceed conſtantly, he promis'd himſelf 


an eftate from it; but when that ſtock of ore was ſpent, the next that 
he procured, tho carefully managed as the former, was wholly unpro- 
firable. And having once bought a parcel of block- tin, as the tradetmen 
call that which is moſt pure and unwrought, I was deſirous to try if I cou'd 
not make a menſtruum to diſſolve it, as Aqua fortis diſſolves ſilver, and Aqua 
regia gold; becauſe chymiſts complain, that tho' they have a menſtruum 
or two that will diflolve crude tin, yet they want one to keep it diſ- 
ſolv'd; and not, like Aqua fortis, let it fall into a calx. Such a liquor be- 
ing cbtain'd, we evaporated a ſolution of that tin; and ſetting it to ſhoo!, 
found, to our wonder, that the cryſtals it afforded were not at all like 
any kind of vitriol, but, broad, flar, and exceeding thin, like thoſe cf 
ſilver: examining them alſo by rhe tongue, we found not that they had any 
ſuch taſte as the calx of tin, made in ſpirit of vinegar ; but ſuch an ex- 
ceſſive bi:terneſs as may be met with in the cryſtals of ſilver, made with 

| Aqua 
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Aqua fortis. Finding this farther reſemblance betwixt the ſalts of theſe 
two metals, that both of them preſently dyed the nails and skin with a 
black that cou'd not ſoon be waſh'd off; we ſhou'd have ſuſpected, that 
the menſtruum had exalted this metal into an affinity with ſilver, had 
we not afterwards proſecuted the ſame trial with the ſame menſtruum, 
and another , of block- tin, and found, that tho' this metal was 
bought very ſoon after the other, and at the ſame place, the former 
ſucceſs proceeded from our having lighted upon a lump of tin that was 
of a peculiar nature. 

I remember, alſo, that a friend of mine found, in his own land, a par- 
cel of ore, which ſeem'd to me to be copper-ore ; and, indeed, it did, 
after fuſion, yield a very good copper: but the perſons, to whom he com- 
mitted the examination of the mine, being very inquiſitive, and extraor- 
dinary skilful, found in that ore, beſides the copper, a conſiderable quan- 
tity of ſilver ; and in that ſilver, a conſiderable proportion of gold. 

That great chymiſt Baſil Valentine, ſpeaking of antimony, tells us, 
there are ſeveral kinds of it, and eſpecially two; the one more mer- 
* curial, and of a golden property, manifeſt by the ſhining ſtreaks 
* it abounds with; the other more full of ſulphur, but wanting the gol- 
* den nature that enriches the former; and adds, © there is ſuch a 
different goodneſs betwixt the ſeveral ſorts of this drug, as betwixt 
* the ſeveral ſorts of fleſh or fiſh ; which, tho” agreeing in name and 
general nature, exceedingly differ in point of excellence. And, in- 
deed, I have found a viſible difference betwixt the ſeveral ſorts of anti- 
mony. An excellent chymiſt ſhew'd me a parcel of antimony as a ra- 
rity, upon account of the variouſly colour'd ſulphur wherewith it was. 
conſpicuouſly enrich'd ; and ſoon after employ'd it to make butter of an- 
timony : but tho' he was very expert in that kind of diſtillation, yet in- 
ſtead of the liquor he expected, upon the approach of a gentle fire, he 
found the neck and body of his retort lined with an antimonial cinna- 
bar; at which being ſurpriz'd, he withdreyy. his fire till he had acquaint- 
ed me with the accident; and I ſaw the cinnabar in the unbroken re- 
tort, tho” it ſeldom riſes till after the butter of antimony is come over, 
and the remaining matter be urged with a vehement fire. And to the 
undiſcern'd difference of antimonies we may, ſometimes, aſcribe that con- 
. frequently obſerv d in making antimonial cinnabar. 

nd, perhaps, it is from ſome diverſity either in antimonies or irons, 
that eminent chymiſts have often fail'd in their endeavours to make the 
ſtarry regulus of them: whence many artiſts vainly imagine a certain reſpe& 
to times and conſtellations requiſite to produce it. An induſtrious ac- 
que intance of ours, working on antimony of a peculiar nature, and 
making a regulus of it, alone, in the common way, found, to his ſur- 
rize, his regulus adorned with a more conſpicuous ſtar than ever I had. 
een in ſtellate reguluſſes of antimony and iron; yet I dare not be con- 
fident that this depended wholly upon the peculiar nature of that anti- 
mony, becauſe my own laboratory has, ſince that time, afforded: — 
* 
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veral ſuch parcels of regulus ; which, tho' made of antimony that ſeem'd 
more rich than ordinary in ſulphur ; yet as it did not conſtantly afford 
a ſtarry regulus, tho order d by the ſame perſon, and as near as poſſible 
after the ſame manner, it does not clearly appear whether the different 
event of the ſeveral trials proceeded from rhe peculiar nature of this or 
that antimony, or from ſome odd and ſcarce diſcoverable circumſtance 
in the management of the operation. 

A conſiderable difference is obſervable in ſeveral other minerals, as well 
as antimony. I was lately preſented with a piece of mineral which 
ſeem'd to be an 2 worthleſs marcaſite; yet a Dutch merchant, a 
skilful mineraliſt, its poſſeſſor, was very induſtrious to procure a large quan- 
tity thereof; having in ſome of it found a conſiderable proportion of pure 

old. And the gentleman, whoſe copper- ore I formerly mention d, digging 
fr more of it, lately found a quantity of red earth, which by knowing 
mineraliſts was gueſs d to be only bole ; but being melted with Regulus 
Martis ſtellatus, by a skilful trier of metals, it many times recompens d 
the examiner's curioſity, by affording him many grains of fine gold. 
And tho? I cannot ſay, whether this gold proceeded from the bole, cr 
the regulus; it may ſerve for an inſtance, that ſome bodies, which paſs, 
without diſpute, for minerals of a preciſe nature, may have lurking in 
them ſubſtances of quite another kind ; which may manifeſt themſelves in 
ſome particular experiments, tho' not in others. 

Talc, uſually employ d in coſmetics, is of ſo very difficult calcination, 


that eminent chymiſts have look d on all calces of tales as counterfeit. 


And, indeed, we have not calcined Venetian talc, without allowing a 
length of time, and a violent heat to the operation. But among many 
ſorts of Engliſh talc, there is one which a moderate fire will, in leſs than 
an hour, reduce to a ſnow-white calx: of which I have ſeen a parcel. 
And I lately met with another ſort of Engliſh talc, which I cou'd ſud- 
denly calcine, even with the flame of a candle. And a friend of mine 
aſſures me, that out of a German talc he met with, he, by digeſting it 
in a ſtrong ſolution of alkaline ſpirits, ſeparated a conſiderable quan- 
tity of good gold ; and might have made it a very gainful experiment, 
if all the talc growing in the ſame place had been equally rich with 
that. The like has been affirm'd to me by a gentleman of eminence, who, 
from a certain talc, which he had out of Norway, once drew a tolerable 
proportion of very fine gold: and tho*' ſome have been pleas'd to laugh 
at all attempts of ſeparating any thing from any kind of talc, yet ſome 


' parcels of that mineral afford a rich tincture, for ought I know, of a 


golden nature. For I have met with a kind of darkiſh colour'd talc, 
which, when caſt only into Aqua regis, the menſtruum maniſeſtly work'd 
upon it, and diſſolv'd its colour'd parts in ſuch plenty, that the filter'd 
ſolu. ion paſs d, without ſuſpicion, among many eminent naturaliſts for a 
fair ſolution of gold. Paracelſus reckons four kinds ef tale; red, white, 
black, and yellow, and, perhaps, each of theſe colours comprizes ſeve- 
ral kinds of the mineral; and, therefore, after having mention'd a great 
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rariety of marcaſites, ſtones, and other minerals, he adds, © there lie many 
more in the bowels of the earth, which are unknown both to me and others, 
but may in tract of time be diſcover d.“ 

Tis vulgarly known, that there is a great difference between vitriols of 
the ſame metal; and as for thoſe vitriol- ſtones, whereof we in England make 
our vitriol; I have ſeen at our chief copperas-works ſo great a variety of 
them, that I could ſcarce believe the workmen, when they affirm'd them to 
be all copperas-ſtones : and I think it very likely, that ſome of them contain 
other mineral ſubſtances beſides vitriol ; and poſſibly the ſaline parts of thoſe 
ſtones, upon their ſolution by the rain, may work on other ſubſtances for- 
merly coagulated with them, and thereby communicate to ſome parcels of 
the vitriol, qualities not eſſential to the nature of that ſubſtance, nor or- 
dinarily belonging to it. 

That there is, alſo, a difference betwixt thoſe bodies which paſs under 
the name of common ſalt, muſt be obvious to every chymiſt, who hath 
made accurate trials upon that ſubſtance. And for thoſe concretes that paſs 
for ſalt-petre, there is, probably, no ſmall diſparity among them, beſides 
the obvious difference betwixt good Engliſh nitre, and that which is brought 
from Barbary. Thoſe who uſe both good European and good Eaſt-Indian ſalt- 
petre, aſſure me, they find a difference betwixt them, and give the prefe- 
rence to the latter: and indeed I have often thought I diſcern'd a conſide- 
rable difference in the operations of ſeveral kinds of ſalt-petre, even after 
purification. And, probably that ſort of it, which an ingenious man of my ac- 
quaintance ſometimes makes, near London, chiefly out of ſea- ſalt, has ſome dif- 
terent qualities from that which is drawn in the common way from earth. 
Indeed, ſalt- petre being but a kind of ſal terre, generated in parcels of the 
earth, very differently qualified, may, probably, receive ſeveral;qualities from 
the ſoil wherein it grows; though theſe qualities lie conceal'd and unſuſ- 
pected, under the common external appearance of nitre. A very ingenious 
gentleman aſſured me, that one of the moſt eminent of our London phyſi- 
cians, had an excellent ſecret, to employ in ſome of his choice remedies, 
that peculiar ſalt-petre which he drew out of the earth, dug up in 
church-yards. A gentleman alſo aſſures me, he has, in England, met with 
a ſandy earth, that turns wood into ſtone, tho there be no petrifying ſpring 
near the place; and this it does in a better manner than any water I have 
yet ſeen. And the like differences would, probably, be taken notice of in 
other mineral bodies, if mens prepoſſeſſions did not make them aſcribe the 
variations they meet with in their experiments, rather to any other cauſe, 
than the unſuſpected difference of the materials employ'd in them. 

Nor is it only among mineral bodies of the ſame name, that ſuch a di- 
rerſity is to be found; *tis very probable, that a greater diſparity may be 
diſcover'd, both among vegetables and animals, if narrowly examined, which 
are reputed of the ſame nature, than hath been yet taken notice of, 
Botaniſts, indeed, have ſhewn a commendable curioſity in ſubdividing 
plants of the ſame denomination; and few naturaliſts are ignorant, that 
there are, for inſtance, many ſorrs of roſes, and of apples, which differ 
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widely betwixt themſelves; as the red roſe, and the white, the crab, the 
pippin, and the pearmain. But, beſides theſe difterences, which are obvious 
enough to be regiſter'd by botanic authors, there may be more undiſcern'd 
ones betwixt the individuals of the ſame ultimate ſubdiviſion of plants, ari- 
ſing from the temperature of the air; which makes, for example, ſena grow- 
ing in England to differ much from that of Alexandria; and from the nature of 
the ſoil, as appears by the change produced in wild ſimples tranſplanted 
into gardens, and many other cauſes. We often ſee, that one roſe dif- 
fers from another of the ſame kind, and one pearmain from another pear- 
main. To which we may add, that the upper cruſt, or ſurface of the 
earth, being impregnated with ſubterraneal exhalations of ſeveral forts, and 
temper'd with variety of juices, it's very poſſible that ſome particular plant 
may attract ſuch a juice out of a determinate ſpot of ground, as to give it 
exotic qualities, and make it differ even from the neighbouring plants of 
the ſame kind. Thus, I remember, I met with, in Switzerland, a ſort of 
very heady wine, that otherwiſe ſeem'd to be ſack, tho' it grew amongſt 
the mountains of the country; but I could not believe it, till they aſſured me, 
that it received its inebriating quality, with the reſt of choſe that remarkably 
diſtinguiſh'd it from the other wine of thoſe parts, by growing on a little 
ſpot of ground, whoſe entrails abounded with ſulphur. And ſince I have 
mention'd wine, I may further remark what a great change is made in that 
liquor, when, upon the receſs of the ſpirits, and more volatile ſulphureous 
parts, it degenerates into vinegar; whilſt little diminution of quantity, or any 
other alteration, appears upon this change. And tho' this change is fami- 
liar to us, yet who knows what others may be produced in bodies, with 
whoſe alterations we are unacquainted ; whilſt the eye, which is often the 
only ſenſe employ'd about judging of them, diſcerns no difference? Thus, 
we may daily obſerve the ſuperannuated ſeeds of plants, after having been 
long kept beyond their due time, loſe all their germinating power; tho” they 
retain all their obvious qualities. Urine is much uſed by dyers, and ſeveral 
other tradeſmen, who indifferently employ it, without examining whether 
it be rich in ſalt, and how long it hath been kept; tho* chymiſts, who fre · 
quently have occaſion to diſtil it in large quantities, aſſure me, that they 
find a notable difference therein; that of healthy young men, abounding 
much more with volatile ſalt, than that of ſickly or aged perſons. They 
ſay, alſo, that the urine of ſuch as drink wine freely, is much fuller of 
ſpirituous and active parts, than that of thoſe who drink only beer or water, 
And tradeſmen, who boil their ſeveral commodities indifferently in any 
urine, may thereby ſometimes commit conſiderable errors : for freſh urine, 
wherein the ſaline parts are entangled among the reſt, will endure to be 
boiled above one half or two thirds away, without loſing its volatile ſalt and 
ſpirits; whilſt that which has been kept for ſeveral weeks, is liable to a 
putrefaction, whence the component pars fall aſunder ; and the ſaline ones, 
extricating themſelves from the reſt, will, upon a very gentle heat, evapo- 
rate, and leave a phlegmatic, unactive liquor behind them. Having cauſed 
ſome urine to be buried in earthen veſſels in a dunghil, to putrefy for five - 
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fix weeks, I was kept from employing it till it had lain there between four 
and five months; and obſerving, when I caus'd it to be taken out, char the 
covers of the veſſels had not been well luted on, and were, belides, in ſme 
places, crack'd ; I ſuſpected that the heat of the dung had not only looſen'd 
the ſaline parts of the liquor, but driven them away ; and accordingly, by 
diſtilling it with a very gentle heat, and in a very high cucurbit, we obtain'd, 
ſtead of an active and ſaline ſpirit, a languid and naufeous phlegm. And 
how great odds there may be betwixt ſome experiments, made with new and 
putrefied urine, may be eaſily conceiv'd by him who knows what effect ſalts 
have in the production of colours ; and is acquainted with their efficacy in 
thoſe other mechanical experiments, wherein urine is employ'd. 


Thirdly, there is a great difference to be found among many things pre- 4,z ;, . 
pared by art, that bear the ſame general name; which may proceed, from frep4rations, 


what we have already obſerved, in the materials, of which ſuch bodies are 
compoſed, or from the means uſed in preparing them. But we ſhall, at 
preſent, mention only two forts of factitious bodies; ſuch as are not ſufft- 
ciently purified, and ſuch as are purified roo much. 

It is very certain, that many chymical experiments, deliver'd by ſober 
authors, have been judg'd falſe, only becauſe the menſtrua, or other mate- 
rials employ'd in the unſucceſsful trials, were not as highly rectified, or, 
otherwiſe, as exquiſitely depurated, as thoſe that were uſed by the original 
experimentor ; 10 that the — of a bad menſtruum, is often injuriouſly im- 
puted to an excellent artiſt. That experienc'd chymiſt Van Helmut, en- 
deavours to explain the manner wherein the calculus humanus 1s generated, 
by the coagulation immediately enſuing upon the mixture of the two vo- 
latile ſpirits, of urine, and of wine. This noble experiment has, by many, 
been unſucceſsfully tried, and therefore by them condemned as a chymical 
fiction ; and the firſt, and, I think, the ſecond time we attempted to make 
that coagulum, we found nothing of what we expected: but at length, 
thinking it poſſible that the ſpirits we employ'd had not been ſufficiently 
exalted, we dephlegm'd ſome by more frequent and tedious rectifications; 
and thence, by more accurate trials, were fſarisfied that Van Helmont had 
not miſinform'd us. So, likewiſe, the ſame author, extolling the tincture or 
ſolution of amber, made with ſpirit of wine, as a noble ſtomachic, cephalic, 
Cc. many phyſicians and chymiſts have attempted to prepare this tincture, 
with ſuch bad ſucceſs, that they declare, Helmont either deliver'd what was 
falſe, or conceal'd ſome conſiderable circumſtance of the proceſs. But hav- 
ing digeſted well dephlegmed ſpirit of wine upon high-colour'd and very 
finely powder'd amber, and placed them in a very gentle heat; we have, ſe- 
veral times, obtain'd a true tincture of amber, diſcernible both by its ſmell 
and taſte. And, to ſhew that this colour proceeded from a real ſolution of 
the more ſubtile parts of the amber, we pour'd ſome drops of it into water; 
when, the ſpirit of wine ſuddenly diffuſing itſelf ; the diſlolv'd amber was 
plainly diſcernible, ſwimming like a thin film upon the ſurface of the liquor, 


whence it gradually exhaled into the air. 
2 2 There 
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There may, likewiſe, as we have tried from pure ſalt of tartar, be drawy 
with ſpirit of wine, a pretty high tincture, and of a remarkable taſte ; by; 
upon lately trying to draw this tincture with ſpirit of urine, which, un. 
known to me, was much too weak for that purpoſe, I found that after ] 
had kept the glaſs a while in digeſtion, the ſalt of tartar had drawn to it- 
ſelf, and imbibed the aqueous particles of the ſpirit ; and being thereby, in 
part, diſſolv d into a liquor, the ſubſiding ſalt was, by the interpoſition 
thereof, protected from the action of the ſpirit of wine; which, being thus 
dephlegm'd, would not mix with the ſaline liquor, but ſwam entirely aboye 
it. This I ſhall add, in general, that the German chymiſts are commonly ſo 
accurate in the rectification of their ſpirit of wine, that, in England, where 
we are leſs careful in that particular, it is common, for thoſe experiments 
of theirs, to be unſucceſsfully try'd, wherein the alcohol of wine is re- 

uiſite. 
I And it is not only in menſtruums, but in many other bodies, that the 
want of an exquiſite depuration may produce a variety of events in experi- 
ments: as, for inſtance, it has been complain'd of by ſober men, that their 
preparations of ſilver, tho* never ſo carefully made, have been apt to prove 
violently emetic ; tho* we have not obſerv'd a well-prepar'd medicine of 
duly refined filver to work by vomit, even in women and children, but by 


fool, or urine. We cannot, however, wonder at the violent operation of 
medicines made with ordinary ſilver; for not only that of coin is allay'd 
with about a twelfth part of copper; but even that which is commonly, ar 
a great rate, fold for refined ſilver, is not often ſufficiently freed from its 


copper; as I lately manifeſted in the preſence of one of our moſt eminent 
refiners, by diſſolving ſome of his pureſt filver in his own Aqua fortis ; for 
the greenneſs of the Elution quickly betray'd the baſer metal: and no won- 
der, for I have ſeldom ſeen our chiefeſt refiners blow off from their ſilver, 
upon the teſt, above half its weight of lead; whilſt we think not our ſil- 
ver ſufficiently refined, till it has been freed from five or fix times its 
weight thereof; and then it has afforded a ſolution as clear as water, with 
only, now and then, a ſcarce diſcernible tendency towards sky-colour. 
Now, that ill effects, by the mixture of copper, may be produced in ſuch 


medicines, as ought to be of pure ſilver, the violent emetic qualities of the 


former will ſcarce ſuffer us to doubt. And, as in mens bodies, ſo in 
other ſubje&s, thoſe experiments may eaſily fail the artiſt's expectation, 
when he hopes to perform, by a mixture of thoſe two metals, that which 
requires pure ſilver alone. And as filver, ſo gold is very often employ'd 
ſor pure, when *tis otherwiſe : the foliated gold, commonly ſold here in 
England, how fine ſoever reputed, is not altogether free from the pollutions 
of other metals; for our gold-beaters, tho for their own profit they uſe 
the fineſt gold they can get, yet ſcruple not to employ coin'd gold; and 
this the mint-maſters allay with copper, or ſilver, to make it gif and leſs 
ſubje& to waſte by attrition, And as for thoſe goldſmiths, and chymiſts, 
who think their gold moſt exquiſitely refined, when they have blown from 
it, on the teſt, a due proportion of lead, they may therein be _ 
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miſtaken ; for tho? the lead may carry away with it all the copper that de- 
baſes the gold, yet the gold does not always, after this, remain free from 
filver : nay, the moſt skilful refiner that I ever knew, hath, ſeveral times, 
affirm'd to me, that after cupelling fine gold, with lead, the gold has re- 
tain d, and protected from the fire, a proportion of ſilver that lay lurking in 
the lead, and was afterwards ſeparated from the gold by Aqua fortis, tho 
in ſo ſmall a quantity, that the experiment was not gaintul. : 

But as many experiments ſucceed not, becauſe the menſtrua employ'd 
about them were not pure enough; ſo ſome miſcarry, becauſe ſuch men- 
ſtrua are too exactly depurated : for it is not ſo much the purity of li- 
quors in their kind, as their fitneſs for the particular purpoſe to which they 
are deſign d, that is to be principally regarded in experiments. For inſtance, 
we have ſometimes made pieces of paper, and linen, appear all on a flame, 
without either burning, ſinging, or ſo much as diſcolouring them. This is 
perform'd, by moiſtning the paper or linen throughly in weak ſpirit of wine, 
and then bringing them to the flame of a candle, by which the ſpirituous 
parts of the liquor will be fired, and burn a pretty while, without harming 
them ; bur if the experiment be tried with exquiſitely rectified ſpirit of 
wine, it will not ſucceed : however, the flame of ſpirit of wine is ſo hot, 
that I have, in lamp-furnaces, employ'd it inſtead of oil, and with the ſame 
flame, have melted leat-gold. The reaſon, therefore, why paper is not 
burned by the flame that plays about it, ſeems to be, that the aqueous part 
of the ſpirit of wine being imbibed thereby, keeps it ſo moiſt, that rhe flame of 
the ſulphureous parts of the ſame ſpirit cannot faſten to it ; and, accordingly, 
when the flame ceaſes, the paper remains moiſt. On the other hand, 
having purpoſely plung'd paper into dephlegm'd ſpirit of wine, it was very 
readily kindled, and burn'd by the flame thereof. And one of our beſt 
ways to try the purity of ſpirit of wine, is grounded on this very ſuppoſi- 
ſition: for dipping a cotton wiek therein, and ſetting it on fire, it the flame 
faſten on the wiek, it is a ſign the ſpirit is pure; but if it does nor, 
we conclude it to be not ſufficiently dephlegm'd. Some artiſts, likewiſe, 
obſerve, that Aqua fortis will work more readily on lead, for being allay'd 
with water. I have uſed an Aqua fortis ſo ſtrong, that it would not well 
diſſolve filver, unleſs firſt diluted with fair water. And I have had an un- 
welcome proof, that liquors may, by too exquiſite a depuration, be made 
unfit for ſome purpoſes. For having, to gratity ſome friends, made a cer- 
tain menſtruum, wherewith we had perform'd ſurprizing things upon gold, 
we took care, againſt the time of their exhibition, to ſeparate it from whats 
ever was of an aqueous or earthy nature, more exactly than ever before. Bur 
coming to make uſe of this ſort of menſtruum, we found, that inſtead of per- 
forming its operation upon gold better than uſual, we could do nothing at all 
with it: for it would not now, even by heat, be brought to touch gold, 
tho” it uſed, unaſſiſted, to diſſolve it. But having, for trial- ſake, taken a little 
of this numerical parcel of liquor, before it was ſo carefully rectify d, it dif- 
ſolv'd crude gold, as well as we had reaſon to expect. And it deſerves to 


be conſider d, whether or no, in the extraction of the tinctures of —_— 
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bodies, chymiſts do not put themſelves to a needleſs and prejudicial trouble, 
by refuſing to employ any other ſpirit of wine, than that which is highly 
rectified: for, tho" in many ſubſtances, the parts deſired by the artiſt being 
ſulphureous, the menſtruum is the better for an exquiſite dephlegmation ; 
yet in ſeveral others, the uſeful and efficacious parts are the ſaline, which 
make them.more freely impregnate ſuch liquors, as have ſome aqueous 
mix'd with their ſulphureous parts. 
Unregarled 'Thus much for the manner wherein experiments may miſcarry, upon ac- 
eircxmſtancs count of their materials. Let us next conſider the contingencies whereto 
Reds of experi- they are obnoxious, from circumſtances that are either unobvious, or ſcarce 
* diſcernible, till the trial is over. A phyſician of unqueſtionable veracity 
aſſured me, that, as upon taking a journey, he lent his laboratory to a friend 
in Holland, wherein, among other things, was great ſtore of Aqua fortis of 
ſeveral compoſitions, which he had made to employ about his ſcarlet 
dye; his friend ſoon after ſent him word, that by digeſting gold with 
an Aqua fortis, he had ſeparated the tincture, or yellow ſulphur, from it, 
and made it volatile; the remaining body growing white; and that with this 
golden tincture he had turned ſilver into very perfect gold, with conſidera- 
ble profit. Upon this news, the doctor preſently return'd to his labora- 
tory, and did, himſelf, with the ſame Aqua fortis, ſeveral times, draw a vo- 
latile tincture of gold, which turn'd ſilver into true gold. He farther af- 
firm'd, that out of an ounce of gold, he thus drew as much ſulphur, as 
fufficed to convert an ounce and a half of ſilver into that nobleſt of metals. 
This I am the more diſpoſed to believe, becauſe I have found, that a yellow 
ſubſtance, or tin&ure, is obtainable from gold; and, becauſe I am tempted 
to think, that filver may have in it a ſulphur capable of being advanced, 
by maturation, into a golden one *. For I have been aſſured, by men very 
experienc'd in metalline affairs, that they have ſeen, ſometimes by corroſive 
liquors, and ſometimes by the operation of common ſulphur, eſpecially 
well open'd, and aſſociated wich fit ſalts, filver to afford ſome grains of 
very pure gold. But the doctor found himſelf much miſtaken in his hopes 
of growing rich by this experiment; for a while after, endeavouring to 
make it again, it ſucceeded not; which he aſcribes to a defect in the Aqua 
fortis, and therefore has attempted the ſame work afreſh. But ſince all his 
trials have been hirherto fruitleſs, tis not improbable, that the diſappoint- 
ment proceeded from ſome other more obſtruſe cauſe ; for we find ſuch ac- 
cidents have ſometimes befallen artiſts irreparably. Glauber tells us of ſeve- 
ral ways, by which he made gold once, but could not do it again. The 
prince of Mirandula, in his treatiſe de Auro, tells us of ſeveral perſons, whom 
he knew had che like ſucceſs in preparing both gold and ſilver. And I 
could inſtance in my own acquaintance, thoſe who, having once or twice 
made Luna fixa, (which, wanting only the tincture of gold, abides the trial 
of Aqua fortis, &c) or ſome other gainful experiment, have ſince, in vain, 
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attempted the like ; and yet cannot be prevailed with to deſiſt from proſe- 
cuting their uncertain hopes. And the moſt experienc'd mineraliſt I ever 
met with, has aſſured me, he ſhould quickly grow rich, could he but con- 
ſtantly perform what he has ſeveral times perform'd *®. It may be very 
ſerviceable to know, that many experiments ſucceed, when made with ſmall 
quantities of matter, which fail in greater: ſeveral projectors, eſpecially 
chymiſts, have very dearly bought the knowledge of this truth. For it often 
happens, that an unwieldy quantity of matter, cannot be expos'd, in all its 
parts, to a juſt degree of fire, or otherwiſe ſo well manag'd, as a leſs : hence 
many have ruin'd themſelves, by obſtinately attempting to make even real 
experiments more gainful. 

It is deliver'd by the Lord Verulam, and other naturaliſts, that if a roſe- 
buſh be carefully cut, as ſoon as it has done bearing in the ſummer, it will 
again bear roſes in the autumn. Of this, many have made unſucceſsful tri- 
als, and thereupon report the affirmation to be falſe ; yet, I am very apt to 
think, that my Lord was encouraged by experience, to write as he did. 
For, having been particularly ſollicitous about the experiment, I find by 
the relation, both of my own, and other experienc'd gardeners, that this 
way of procuring autumnal roſes, will, in moſt roſe-buſhes commonly fail, 
but ſucceed in ſome that are good bearers; and accordingly, having this ſum- 
mer made trial of it, I find, that of a row of buſhes, cut in June, by far the 
greater number promiſe no autumnal roſes ; but one that hath manifeſted 
itſelf to be of a vigorous and prolific nature, is, at this preſent, indifferently 
well ſtored with thoſe of the damask-kind. There may, alſo, be a miſtake in 
the ſpecies of roſes ; for experienc'd gardeners inform me, that the musk- 
roſe, will, if it be a luſty plant, bear flowers in autumn, without cutting : 
and therefore, that may unjuſtly be aſcribed to art, which is the bare pro- 
duction of nature. Cinnamon roſe-buſhes thrive ſo much better by cut- 
ting, than ſeveral other ſorts, that I remember, this laſt ſpring, my gardener 
having about the middle of April, cut many of them in my garden, I ſaw 
about the middle of June, many of the ſame buſhes, plentifully adorn'd both 
with buds and blown flowers. | 

An uncertainty, like this, has been likewiſe obſerv'd, in attempting to 
- produce different ſorts of fruit from the ſame tree ; however, we have lately 
ſeen various ſorts of pears, fed by the ſame plant; and three and twenty ſorts 
of apple-grafts flouriſhing upon the ſame old ſtock ; moſt of which were 
adorned with fruir. Nay, and tho the fruits be nor of the ſame denomina- 
tion, yet, i f they be of kin in nature, they may, very poſſibly, be brought to 
grow on the ſame tree; for we a gather'd both apricocks and plumbs 
from the ſame tree, and expect other ſorts of ſtone-fruit from it. But, for 
fruits of very different natures, to be proſperouſly nouriſhed by the ſame 
ſtock, is ſo difficult, that we can only reckon it among contingent experi- 
ments: for tho both Pliny and Baptiſta Porta, relate their having ſeen an 


ſtances, Agua regia will diſſolve ſilver. See 
the Fren Memoirs for the year 1706, p. 128, 


Ex. 


* To this general purpoſe, we may obſerve 
with M. — that, in certain circum- 
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example of it; and, tho the great Dr. Ward aſſures me, he has particularly 
taken notice of pears growing upon an apple-tree; yer, certainly this expe- 
riment has been, for the moſt part, but very unproſperouſly attempred ; 
nor have yet ever ſeen it ſucceed, tho try'd with very great care and in- 
duſtry. And in the ſame garden, where I gathered the apricocks and 
plumbs above-mentioned, I ſaw the ciens of a pear- tree, ſo skilfully grafted 
upon an apple-ſtock, that it fAlouriſh'd with bloſſoms in the ſpring ; and 
gave me great hopes, that it would bear fruit the laſt ſummer ; bur it has 
baulk'd my expeRation : as many other plants, ſo grafted in the ſame gar- 
den, have, for many years, deluded the skilful maſter of it; who aſſures 
me, that tho ſeveral of them did, for ſome years ſucceſſively, afford promi- 
ſing bloſſoms, yet they all decay'd without yielding any fruit. This ſeems 
ſomewhat ſtrange, becauſe we have gather'd pears from a ſhoot affirmed to 
have been grafted upon a quince-tree ; and Kircher tells us, © tis found by 
experience, that a peach grafted upon a mulberry, will proſper and bear 
fruit.” And we daily ſee, that as little as a white-thorn and a pear-tree ſeem 
allied, a cien of the latter will proſper very well, grafted upon the ſtock of 
the former. 

To contingent experiments, we may refer what is deliver d by thoſe, who 
affirm, that if a lixivium made of the fixed ſalt of a plant, be frozen; there 
will appear in the ice the image of the ſame plant : for we have frequently 
made this experiment without the promiſed ſucceſs; and neither a ſolution of 

. the ſalt of wormwood in fair water, nor the decoction of that plant, would, 
when frozen, exhibit any thing like its figure in the ice. *Tis common, in- 
_deed, to find theſe liquors, ſolutions of ſugar, ſalt, &c. frozen into odd 
figures ; and even common water will do the ſame : which need not be 
wonder d at; ſince it glides thro earths abounding in ſaline particles of 
particular natures : whence, perhaps, it is, that dyers find ſome waters very 
fir, and others very unfit, tor their purpoſes. Yet, becauſe two or three 
ſober writers ſeriouſly relate ſome ſtories, of this nature, upon their own ob- 
ſervation, I am content to rank their experiments rather among the contin- 
.gent, than the abſolutely falſe ones : for it is poſſible, that among the many 
f ares which frozen liquors ſometimes put on, there may be ſomething ſo 
like a particular plant, that, view'd with a favourable eye, it may ſeem to 
exhibit the picture of the calcin'd vegetable. Setting a fine green ſolution 
of good verdigreaſe to freeze, in ſnow and ſalt, that containing much of the 
ſaline parts of the grapes, coagulated upon the copper they corroded ; I 
obtain d an ice of the ſame colour, wherein appear'd ſeveral little figures, fo 
like to vines, that we were ſome what ſurpriz'd at the experiment. And 
what encreas'd our wonder, was, that, another part of the ſame ſolution frozen 
in a different vial by the bare cold of the air, afforded us an ice angularly fi- 
gur d, but not at all like that made by the application of ſnow and ſalt. 
And having, for further ſatisfaction, ſuffer*d that ice, wherein the vines 
appear d, to thaw of itſelf, aud: then to freeze a ſecond time in the ſame vial, 
after the ſame manner; we could not diſcern in the ſecond ice, any thing 
like that we had admired in the firſt. And in wine and vinegar, as much 

as 
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as thoſe liquors partake of the nature of the vine, we never, after congela- 
tion, obſerv*'d any peculiar reſemblance thereto. 

The experiment of burning with ice, as with a glaſs-lens, thopreſcribed 
without any notice taken of the difficulty in it, yet, both we and others, 
who have induſtriouſly try d it, meet with ſuch diſcouraging circumſtances 
therein, eſpecially from the unequal texture of moſt ice, that it may well be 
referr'd to thoſe, whoſe conſtant ſucceſs is not to be rely'd on. In the 
trade of dying, there is ſcarce any ingredient of fo great and general uſe, 
as woad; for tho, of itſelf, it dyes but a blue, it is uſed to prepare the 
cloth for green, and many other ſadder colours, when they are deſign'd to 
be permanent, and not to fade: but in boiling of it, to make it yield, or 
ſtrike its colour, there are ſome critical times, and other circumſtances, to 
be obſerved ; an eaſy miſtake wherein often defeats the dyer's expectation, 
to his very great loſs; which, ſometimes, he knows not to what he ſhou'd 
impute it: and of this, I have heard ſeveral of chem complain. And, there- 
fore, many of our leſs expert dyers, to avoid thoſe hazards, leave off the uſe 
of woad, tho growing plentifully in Exgland; and, inſtead of it, employ in- 
digo, tho it coſt them dearer, as being brought hither from Spain, Barba- 
does, or the Eaſt- Indies, 

Our London refiners, when to part ſilver and copper, they diſſolve the 
mixture of them in Aqua fortis, afterwards greatly dilute the ſaturated mens 


ſtruum with fair water, and then with copper-plates, ſtrike down the ſil- 


rer. But becauſe much copper thus remains in the menſtruum ; that the 
liquor may be improv'd to the belt advantage, they pour it upon what they 
call whiting ; that is, white chalk or clay, finely powder'd, cleans'd, and 
made up into balls, wherewith the tinged parts incorporating themſelves, 
will, in ſome hours, conſtitute a ſort of verditer fit for painters, &c. lea- 
ving the reſt of the menſtruum an indifferently clear liquor ; whence they 
afterwards, by boiling, obtain a kind of ſalt- petre, fit, with the addition of 
vitriol, to yield them a new Aqua fortis. But ſometimes the refiners cannot 
make this verditer for a great while together, yet know not whence their 
inability proceeds. Of this contingency, I lately heard one of the moſt emi» 


nent of them complain; tho, for his part, he had found a remedy for it: 


which is, to warm the menſtruum well before it be poured on the whiting, 
whereon the tinged parts would then faſten, tho not when poured on cold. 
One of the overſeers of the chief copperas-works we have in Englaxd, 
aſſured me, that by the miſtake or negle& of a circumſtance, in point of 
time, they had frequently loſt ſome thouſand pounds weight of vitriol at a 
time; which would degenerate into an unctuous ſubſtance, not to be reduced 
into good vitriol again, unleſs by the tedious way of throwing it abroad, 
and expoſing it, with the unprepared ſtones, to the rain and ſun, to be 
2 and fitted to yield it, after the ſame manner with thoſe crude 
minerals. | 
Joſephus Acoſta, who diligently ſurvey*d the famous mines of Peru, and, 
for one who was not a chymiſt, has deliver'd many conſiderable and judi- 
cious obſervations about them, ſays, it is ſtrange to ſee, not only the diffe- 
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* rence betwixt the refining of metal by fire, and, without it, by quickſilver; 
but alſo, how ſome of theſe metals refined by the fire, will not melt, when 
that is blown with any artificial wind, but requires the natural air. The 
metal of the mines of Porco, ſays he, is eaſily refined with bellows; 
© whilſt that of the mines of Potozi cannot be fuſed with bellows ; but only 
by the breath of their ſmall furnaces, built upon the ſides of mountains, 
directly where the wind lies: and tho it be hard to aſſign a reaſon of this 
difference, yet the thing is certain, and confirm'd by long experience.” 
If any trade obliges the artificer thoroughly to underſtand the manage- 
ment of the materials employ'd therein, it is that of glaſs-making ; yer, 
even in the moſt ordinary operations of this art, there happen, now and then, 
little accidents, which, tho* they know not well what to aſcribe to, are yet ca- 
pable of hindring them from performing what they have donea thouſand times, 
An eminently skilful workman, whom I had purpoſely engaged to make ſome 
veſſels that required more than ordinary dexterity, was, lately, unable to 
make metal tolerably fir to be uſed ; and therefore he deſired me to come 
again another day, when he would try to retrieve his misfortune. But, re- 
turning by appointment, his metal again prov'd unſerviceable ; and inſtead 
of being colourleſs when cold, it ſeem'd ſtain'd with blue and yellow, and 
was, beſides, too brittle ; ſo that it need be no ſuch wonder, if philoſo- 
phers and chymiſts, ſometimes miſs the expected event of an experiment 
but ſeldom try'd ; fince tradeſmen themſelves cannot always accompliſh 
what, if they were not able frequently to perform, they could not ſubſiſt. 
It is affirmed by Helmont, and others, who treat of the Lapides cancrorum, 
that they grow within the skulls of craw-fiſhes; but have known good ana- 
tomiſts complain, that they have there ſought them in vain ; yet we have 
often taken thoſe ſtony concretions out of the heads of ſuch fiſh*. Burt 
paſſing lately thro Hungerford, a rown famous for craw-fiſh, we made dili- 
gent enquiry into their nature ; and were there inform'd, that the concre- 
tions above-mentioned, are to be found in their heads, only about that ſea- 
ſon of the year wherein they ſhift their ſhells ; and that at other times, ſe- 
veral perſons had in vain endeavour'd to obtain them. And, indeed, having 
at the laſt time of my being there, about the latter end of June, caus d 
many of the larger ſort to be taken out of the water, we found thoſe little 


ſtones in the head of but one of them; tho about a fortnight before, we 


e are aſſured by Monſ. Ge 


had taken out of the uſual part of their heads, ſeveral ſuch concretions, as 
to magnitude and ſhape 3 but ſo ſoft, that we could eaſily cruſh them be- 


time of their annual change of ſhell, when 
they are weak, fick, and ceaſe to feed; 
that afterwards, the ſtone is ſurrounded 
with a new ſtomach, and diminiſhes in- 
ſenſibly, till it entirely * and, 
laſtly, that theſe ſtones, with the mem- 
brane of the old ſtomach, ſerve to nouriſh 


offroy, from 
his own obſervation, that the tones taken 
out of the heads of craw-fiſh, belong not to 
the brain, but the ſtomach of the crea- 
ture, which lies underneath; that they do 
not ſupply matter for a new ſhell, but are 
to be found after the ſhell is formed; that 


the animal, in changing its ſhell, changes 


alſo its ſtomach, and, perhaps, irs inteſtines; 
that theſe ſtones appear not, but at the 


the animal, during its ſickneſs, upon its 

change of ſhell. emoir, de I Academ. Roy. 
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twixt our fingers. And certainly, miſtakes in point of time, have greatly 
prejudiced the reputation of many truths. Aſelius ingenuouſly acknow- 
ledges, he had nearly miſs d the diſcovery of the lacteal veins, becauſe, ha- 
ving at firſt ſuſpected thoſe unlook'd-for white veſſels, which he took notice 
of in the meſentery of a dog, diſſected alive, to be ſome irregular ramifi- 
cations of nerves ; he was much confirm'd in his conjecture, by the next 
dog he open'd : for taking him at an inconvenient time, after feeding, the 
ſlender veſſels he look'd for, being deſtitute of chyle, were not conſpi- 
cuous ; ſo that he had loſt the benefit of his firſt lucky obſervation, had nor 
his ſagacity led him to ſuſpect, that if a dog were plentifully fed, at a con- 
venient diſtance of time before diſſection, the veſſels, ſwell'd with alimenta! 
juice, would be more diſcernible : and, in purſuance of this conjecture, he 
made that famous diſcovery of thoſe veins. | 

We may ſay, in the general, that ſuchcircumſtances, as are very difficult 
to obſerve, or ſeem to be of no concern in an experiment, may yet, in many 
caſes, have a great influence in the event of it. If on either pole of a good 
arm'd load-ſtone, you gently draw the back of a knife, which has not be- 
fore receiv'd any magnetic influence ; you may obſerve, that if the point 
of the blade have, in this motion, paſſed from the equator of the ſtone to- 
wards its pole, it will attra& one of the extremes of a librated magnetic 
needle : but if you take another knife, that has never been invigorated, and, 
upon the ſame pole of the load-ſtone, thruſt the back of it from thence to- 
wards its equator, the point of the knife will, by this bare difference of 

ſition in the blade; acquire ſo different a magnetic property, or polarity, 

m that which was given to the former knife, by the ſame pole of the 
load-ſtone, that it will not attract, but rather ſeem to repel that end of the 
magnetic needle which was attracted by the point of the other knife. This 
improbable experiment we have made, not only by paſſing flender irons upon 
the extremities of arm'd load-ſtones, the breadth of whoſe ſteel-caps may 
render it ſomewhat leſs ſtrange ; but even by affrict ions of ſuch irons upon 
the pole of a naked terella. But how far this ſurprizing obſervation inſi- 
nuates the operations of the load-ſtone, to be perform'd by ſtreams of ſmall 
particles, perpetually iſſuing out of one of its poles, thar, after wheeling 
about, re-enter at the other, we ſhall not now examine; thot his ſeems one 
of the moſt likely phenomena we have met with, to hint a probable mag- 
netical hypotheſis. But hence it plainly appears, how great an influence a 
circumſtance, which none but a magnetic philoſopher would take notice of, 
may have on an experiment. 

Artificers give very different tempers to ſteel, by holding ic in the flame, or 
heat, for different minutes of time. I have a graver, ſaid to be of Damaſco ſteel, 
whoſe temper is ſuch, that I cannot let it down by any art; tho one, who has 
had the opportunity of making more than ordinary enquiry intomatters of this 
nature, aſſures me, he can eaſily ſoften this kind of ſteel, by only taking it off the 
fire at a certain junRure of time; differing from that obſerv d in ſoftning the 

common gravers. And who knows, but that in many other experiments, 
ſeemingly deſpicable and unheeded rr may be of great moment; wa, 
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thro? want of particular obſervations, men have not generally taken notice 
of their importance. 

Many planters have, with wonder, obſerv'd, that ſome grafts of cherry- 
trees, for example, have yielded fruit the ſame year wherein they were _ 
ed ; (as I have obſerved ſome plants to bear in the ſame quarter of the year) 
and others not till the year after their inſition; tho' neither in the goodneſs 
of the graft, nor in that of the ſtock, they had remark'd any diſparity, to 
which this difference could be aſcribed ; and, therefore, the bearing, or not 
bearing of the ciens of a cherry-tree, the firſt year of its inſition, is, by them, 
look'd upon as a thing merely contingent. Yet, I am inform'd, by the trials 
of more than one of the moſt skiltul and experienc'd grafters of theſe parts, 


that a man ſhall ſeldom fail of cherries from the graft, the ſame year in which 


the inſition is made, if he take care the graft be of a good kind, and have 
bloſſom-buds upon it; but if they were only leat-buds, it will not bear till 
the ſecond ſeaſon. And to diſcern ſuch buds as are fit to produce bloſſoms, 
from ſuch as will diſplay themſelves only in leaves, is no difficult matter; 
the former ſort being more full, large, and round than the latter, which alſo 
lie more flat and cloſe to the graft. 

By the Virgula di vinatoria, many mineraliſts pretend to diſcover the latent 
veins of metals. Some uſe a forked hazel, whoſe horns they hold by the 
ends, one in each hand: and others content themſelves with a hazel- rod of 
the ſame year's ſhoot, which they bind on to another ſtreight ſtick of an 
other wood; and walking ſoftly with it over thoſe places where they ſul- 
pect metals to be conceal'd, they ſay, that, if they paſs over a metalline 
vein, the wand will, by dipping there, diſcover it» And I know ſome 
who affirm, that by holding metals ſucceſſively in that hand where the rod 
is, it may be diſcover'd what determinate metal predominates in the vein; 
for that when the metal wherewith the mine chiefly abounds, is held in the 
ſame hand, the wand will manifeſtly bow more ſtrongly, than when it is 
held in con junction with any other metal. What to determine, as to the 


truth of this experiment, I know not: for Agricola himſelf, after a long de- 


bate concerning it, tells us, that an honeſt metalliſt will not uſe this rod; 
and that, if he be skilful, he may do without it; © tho” indeed, ſays he, it 
does afford ſome actual figns of veins,” Kircher informs us, that, having 
exactly try'd the experiment with metals, he could not find it, in any mea- 
ſure, to ſucceed : and we ourſelves, having ſeveral times made trials of it in 
the preſence of the moſt confident aſſertors of its truth, could not be ſatiſ- 
fied, that the wand did ſtand either to the metals placed under it, or to the 
metalline veins, when carry'd over mines whence metalline ore was at that 


very time digging out. But, on the other fide, many eminent authors, and 


even bur diligent country-man Gabriel Plat, aſcribes very much to this de- 
tecting wand; and many perſons, in other things very far from credulous, 
have, as eye-Witneſles, ſolemnly aſſerted the truth of the experiment to 
me. And one gentleman, who lives near the lead-mines in Semerſerſhire, 


leading me over thoſe parts of them where we knew there run metalline 
- veins, made me take notice of the inclination of the wand when we pass d 


over 
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over a vein of ore ; and proteſted that the motion of his hand did not at all 
contribute to the inclination of it ; but that ſometimes, when he held it very 
faſt, it would bend ſo ſtrongly, as to break in his hand. And to convince 
me that he believed himſelf, he did, upon the promiſes made him by his 
dipping-rod, put himſelf to the great charge of digging in untry'd places 
for mines. Among the miners themſelves, I found ſome who made uſe of 
this wand, and others that laugh'd at it. This I muſt take notice of, as 
peculiar to the experiment, that the moſt knowing patrons of ir confeſs, 
that, in ſome mens hands it will not ſucceed ; ſome hidden property in him 
who uſes the wand, being able, as they ſay, to overpower and hinder its 
inclinatory virtue. 'To which I muſt add, what a very famous chymiſt, who 
affirms himſelf to have try'd many other things with it, beſides thoſe that are 
commonly known, very ſolemnly profeſs'd to me, upon his own knowledge, 
that, in the hands of thoſe very perſons wherein the rod will work, there are 
certain unlucky hours, govern'd by particular planets and conſtellations, du- 
ring which, it will have no effect. But of this experiment I muſt ſay, as I 
do in all doubtful caſes, that thoſe who have ſeen it, may much more reaſon- 
ably believe it, than thoſe who have nor. 


*Tis not only in experiments, but obſervations alſo, that much may be of, 
aſcribed to contingency ; witneſs the great variety in the number, magnitude, 4 A abe 


poſition, figure, &c. of the parts of a human body, taken notice of by anato- ments. 


mical writers; about which many errors would have been deliver'd, if the 
frequency of diſſections had not enabled men to diſcern betwixt thoſe 
things that are generally and uniformly found in anatomiz'd bodies, and 
thoſe which are bur rarely met with. I was lately preſent at a difle&ion, 
where we obſerv'd, that the interval betwixt two ribs, was, near the back- 
bone, fill'd up with a thick bony ſubſtance, which ſeem'd to be an ex- 
panſion of the ribs, and appear'd not to have grown there upon occaſion 
of any fracture, or other miſchance. Near the fame time, being at a pri- 
vate diſſection of a large young body, an ingenious profeſſor of anatomy, 
there preſent, chancing to cut a great nerve, ſpy'd in the ſubſtance of it a little 
of a very red liquor; but, concluding it to be blood, I preſently ſuſpected, 
that it might proceed from ſome ſmall unheeded drop, taken off, by the 
bruſhy ſubſtance of the nerve, from the knife wherewith it was cut. 
Wherefore, carefully wiping a diſſecting knife, I cut the nerve aſunder in 
a different part, and found another very little drop of pure blood in the 
ſubſtance of it, as before. This I did again, ities, with like ſucceſs ; 
and ſhew'd it to the by-ſtanders, who were ſurpriz'd to ſee a blood-veſſel 
in the body of a nerve. This I the leſs admir'd, becauſe I have, in the 
m of an oxes eye or two, obſerv'd little turgent veins, manifeſtly full of 

ood. 

We farther obſerv'd, in the ſame body where we took notice of the 
irregular conjunction of two ribs, that the lungs, which were very ſound, 
had a ſupernumerary lobe on one ſide, which differ'd ſo little from the 
others, that we did not, till we had diſplay'd the whole, take notice of it. 
And I remember, in another diſſection, the lungs, which otherwiſe bs 
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6 pear'd ſound, ſeeming, in ſeveral places, to be faſten'd to the ribs ; two in- 
genious anatomiſts preſent, affirm'd, the one, that he had never ſeen any 


lungs,” unleſs exceſſively morbid, adhering to the thorax ; and the other, 
that he had ſcarce ever open'd a diſeaſed body, wherein the lungs did not 


thus adhere. |. 1 
Many eminent authors declare, they have ſeldom fail'd to find the token 


© of virginity among ſeveral females of their diſſecting; whilſt many other 


very eminent and experienced artiſts peremptorily profeſs, they have ſeldom 
or never found it in perſons of the moſt undoubted —_ : and certainly 
it is. very ſtrange, that, about a matter which ſeems ſo eaſily determinable 


by ſenſe, accurate and ſober men ſhould ſo widely diſagree. 


Tho' Dr. Harvey, and Dr. Highmore, both inſiſt on the production and 


changes obſervable in hens eggs, as the patterns whereto'the generation of 
other animals may be referr'd ; yet, in the progreſs of nature in the formation 
of a chick, we have often obſerv'd conſiderable variations, in point of time, 
and other circumſtances, from what they deliver. And this diverſity may 
eaſily proceed from the different conſtitutions of hens, their differing aſſiduity 
in ſitting on their eggs, the different qualifications of the eggs themſelves, 
and ſeveral other. particulars of the like nature. And taking notice of this 
to Dr. Highmore, he readily acknowledg'd, that he himſelf had, likewiſe, ob- 
ſerv'd ſeveral circumſtances in eggs, whilſt they were hatching, which va- 
ried from thoſe ſet down in his book; tho' be had there accurately ex- 
preſs'd the changes he diſcern'd in thoſe eggs, which, at that time, afforded 
him his obſervations. - And, indeed, there are certain things of ſuch a na- 
ture, that the accuracy of ſcarce any ſingle man, in making an obſervation 


about them, can ſecure him from appearing unskilful, or unfaithful in it, 


unleſs thoſe who ſhall afterwards examine the thing, ſhew more than ordi- 
nary equity and ſagacity. $4. 

He who firſt affirm'd, that a needle invigorated by a load-ſtone, conſtantly 
turn'd its extremes to the oppoſite poles of the earth, could ſcarce ſuſpect 
himſelf of having deliver'd- any thing which he had not carefully try'd : 
yet which of thoſe two excellent pilots, Oviedo and Cabot, firſt in America 
compar'd the meridian line, afforded by magnetical needles, with one ma- 
thematically drawn, and thereby obſerv'd the variation of the needle, or 
irs declination from the true meridian, might eaſily conclude our former 


_. Obſerver miſtaken. And this ſecond obſervation might appear to have been 


as careleſly made to an hundred other obſervers, if navigation had not 
made it appear, that the declination of the needle is far from being the 
ſame in all places: for tho? Cardan affirms the load-ſtone to decline as many 


| degrees, as the pole-ſtar is diſtant from the pole of the world ; yet common 


experience ſufficiently manifeſts the falſity of that aſſertion. For about the 
iſlands of the Azores, eſpecially that of Corvo, over which the firſt meri- 
dian is ſuppoſed to paſs, the magnetic needle hath been obſerv'd to reſpect 
the poles, without any ſenſible declination from them; but, in other places, 
it varies ſometimes eaſtward, ſometimes weſtward, more or leſs; ſo that 
our venturous countryman, Captain Jam, obſerv'd it, in 63 degrees, _ 
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latitude, to be no lels than 27? 48”, And a late learned mathematical 
writer makes the declination, at Davis's ſtreights, to amount to whar is 


almoſt incredible, 50%. Nay, this defletion of the needle, ſometimes to 


one fide of the meridian, ſometimes to the other, happens with ſo much 
irregularity, that both Kircher, and other magnetical writers, almoſt deſpair 
of reducing the obſervations of this kind to any general hypotheſis. And 
a great ſailor aſlur'd me, that near the coaſt of Greenland, he found the 
variation of the compaſs to be 229. and not very long after to be ſcarce any 
at all ; which ſtrange alteration he knew not what to make of. And per- 
haps very few, even of the exacteſt of theſe obſervations, made an age ſince, 
would now appear accurate to thole who ſhould examine them in the very 
ſame places, and the very ſame manner, wherein they were formerly made. 
So that the moſt diligent of thoſe obſervers would appear negligent to us, 
if the ſagacity of ſome of their ſucceſſors had not prompted them to ſuſpect, 
that even upon the ſame ſpot, the needle's variation may vary. And hav- 
ing, not long ſince, inquired of an excellent Exgliſt mathematician, what 
he had obſerved concerning this alteration of the needle's variation; he told 
me, that by comparing of ancient obſervations with thoſe made by him- 
ſelf, and other accurate mathematicians at London, he had found the decli- 
nation conſtantly to decreaſe 3 and, as he conjectured, 12 or 13 minutes in 
a year. And it will be yet more difficult to ſet down any obſervation of 
this nature, which ſhall appear exact to poſterity, if that ſtrange thing be 
true, which was related to Kircher, by a friend of his, who affirms himſelf 
to have obſerv'd a notable change of the needle's variation, at Naples, after 
a great fiery eruption of the neighbouring mountain PYeſuvins ; which al- 
teration he rationally ſuſpe&s to have proceeded from the very great change 
made in the adjacent ſubterraneal parts, by that great conflagration. And, it 
ſeems, the ſame obſervation has been elſewhere made by mathematicians. For 
Fournier tells us, that, ſince the great burnings of Veſuvius, the declina- 
tion has notably chang'd in the kingdom of Naples. And the ſame author 
ſays, there are perſons, who have obſerv'd, that the ſame needle, which 
declin'd 59, upon the ſurface of the earth, being carry'd down very low, 


into certain caves, declined quite otherwiſe ; tho”, poſſibly, thoſe who 


made the obſervation, might be miſtaken, without ſuſpecting it themſelves. 
For I ſhould ſcarce have imagined, unleſs my own particular obſervation had 
inform'd me, in how great a variety of ſtones and other foſſils, the ore of iron 
may lurk diſguized: ſo that tis no way incredible, that chymiſts themſelves, 
and, much more, that mathematicians, and others, not being aware of this 
particular, may preſume, becauſe they ſaw not any minerals, like the vulgar 


Dr. Halley, from conſidering the diffe-| tration, two near each pole of the equa- 
rent variation of the needle, in different | tor; and that in the parts of the world 
parts of the terraqueous globe, has advan- | near any one of theſe magnetic poles, the 
ced a very ingenious hypotheſis to ſolve | needle is . thereby; the neareſt to 
the phenomena of it, by ſappoſing that the pole being always predominant over 
the whole earth is one great magnet, hay-|the more remote. See Philo, Tranſ. Ne 


ing four magnetic poles, or points of at- 148. p. 208, ; 
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iron ore, in the deep caves above-mention'd, that there is nothing of that 
metal there ; when, indeed, there may be enough to occaſion that deflexion 
of the needle, which, eſpecially if it be ſtrongly excited, may be often 
drawn aſide by iron, or other magnetic bodies, at a greater diſtance, than 
thoſe, who have not try'd, would ſuſpect. And this may, perhaps, be the 
reaſon, why, in the little iſland of va, upon the coaſt of Italy, where they 
dig up iron, and plenty of load-ſtones, of which, I have ſeen in Tuſcany of a 
prodigious bigneſs; there is, in the neighbouring places, ſuch a ſtrange diſ- 
parity of the needle's variation, as curious men have recorded. Bur mag- 
netical and anatomical obſervations, are not the only ones, which are ſubje& 
to diſagree, without the negligence of thoſe who make them. | 23) 

I forbear to inſiſt on medicinal experiments and obſervations, becauſe 
they are ſo numerous, and univerſally ſubje& to ſuch uncertainties, that it 
would be tedious. It is, indeed, much more difficult, than men can ima- 
gine, to make an accurate experiment in phyſic ; for often, the ſame diſeaſe 
proceeding, in ſeveral perſons, from quite different cauſes, will be increas'd 
in one, by the ſame remedy which has cured it in another. And not only 
the conſtitutions of patients may as much alter the effects of remedies, as 
the cauſes of diſeaſes ; but even in the ſame patient, and in the ſame diſ- 
eaſe, the ſingle circumſtance of time, may have almoſt as great an operation 
upon the ſucceſs of a medicine, as either of the two former particulars, 
But, beſides the general uncertainty, to which moſt remedies are ſubject, 
there are ſome few that ſeem obnoxious to contingencies of a peculiar na- 
ture. Such is the ſympathetic powder; of which, not only many phyſicians, 
and other ſober perſons, have aſſured me, they had ſucceſsfully made 
trial; but I have thought myſelf an eye-witneſs of its operation: and yet 
not only many have found it fail their expeRation ; but trying ſome of our 
own preparing, upon myſelf, I found it ineffectual, and unable to ſtop ſo 
much as a bleeding at the noſe ; yet upon application of it, a little before, 
we had ſeen ſuch a bleeding, tho violent, ſuddenly ſtop'd, in a perſon, who 
was ſo far from contributing, by his imagination, to the effe& of the pow- 
der, that he derided thoſe whom he ſaw apply it to ſome drops of his blood. 
That therefore, the ſympathetic powder, and the weapon-ſalve, are never 
of any efficacy at all, I dare not affirm ; bur that they conſtantly perform 
what is promis'd of them, I muſt leave others to believe. Pioney-root has 
been much commended, both by antient and modern phyſicians, as an amu- 
let againſt the falling-ſickneſs ; yet has it, by many, been found ineffectual, 
TI have been apt to ſuſpect, that its inefficacy might poſſibly proceed from 
having been unſeaſonably gather d; and, when I was laſt in the weſt of Fre- 


land, acquainting the moſt eminent Galeuiſt there with my conjecture, he 


I 


confirm:-d me in it, by aſſuring me, that he had often try'd that root, un- 
ſeaſonably gather d, without ſucceſs : but having lately gather'd it under its 
proper conſtellation, as they ſpeak, which is, when the decreaſing moon 
paſſes under Aries; and ty'd it, being firſt lit, about the neck and arms of 
his patients ; he had cured more than one, whom he named to me, of the 
epilepſy. Agreeably hereto, I find, that a famous phyſician of — 


eur 
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Monſieur des Grands Prez, in the laſt of his obſervations, communicated to 
the famous Riverius, ſolemnly profeſſes, he had, ſeveral times, freed his pa- 
tients from the falling- ſickneſs, by the ſingle outward application of piony- 
roots, collected and apply'd, as above-mention'd. But, tho he thence in- 
fers the uſefulneſs of obſerving the ſtars in the practice of phyſic; yet, before 
much ſtreſs be laid on ſuch improbable notions, as are the moſt of thoſe of 
judiciary aſtrologers, the influence of conſtellations upon ſimples, ought, by 
2 and competent experiments, to be better made out, than it hitherto 
has been. 

But to leave contingent medicinal obſervations ; I have obſerv'd, even 
mathematical writers, to deliver ſuch obſervations, as do not regularly hold 
true. For tho they claim it, as their privilege, and glory to affirm nothing, 
but what they prove by demonſtration ; and, tho they are uſually more at- 
tentive and exact, than moſt other men, in making philoſophical obſerva- 
tions; yet the certainty and accuracy of what they deliver, muſt be re- 
ſtrain'd to thoſe purely mathematical ſtudies, arithmetic and geometry; 
where quantity is abſtractedly conſider'd : for we are not to expect the 
ſame accuracy, when they deliver obſervations of ſuch things, wherein mat- 
ter, and its properties, muſt be conſider d. And, much leſs ſhou'd this be 
expected, when they deliver obſervations made by the help of material in- 
ſtruments, fram'd by the hands and tools of men. Many modern aſtrono- 
mers have written of the Maculz and Fuculæ of the ſun, ſo, as to perſuade 
their readers, that ſome of them are almoſt conſtantly to be ſeen; and I 
am willing to think, that it was their having ſo often met with ſuch pheno- 
mena in the ſun, that made them write as they did; yet, when I firſt ap- 
ply'd myſelf to the contemplation of theſe late diſcoveries, tho I wanted 
neither good teleſcopes, nor a dark room, to bring the image of the ſun 
into; it was not till after a great while, and a multitude of fruitleſs ob- 
ſervarions, made at ſeveral times, that I could dete& any of theſe ſpots, 
which have, during many months, appear'd ſo much ſeldomer than, it 
ſeems, they did before, that I remember a moſt ingenious profeſſor of 
altronomy, excellently well furniſh'd with dioptrical glaſſes, about that 
time complain'd to me, that for a very long while he had been unable to ſee 
them. And as for the Faculæ, that are written of as ſuch ordinary phe- 
nomena, I mult profeſs, that a multitude of obſervations, made with good 
teleſcopes, at ſeveral places and times, whilſt the ſun was ſpotted, has 
ſcarce given me to ſee, above once, the expected brightneſles. 

And, as the nature of the material object, regarded by the mathemati- 
cian, may thus deceive the expectations, grounded on what he delivers; 
ſo, the like may happen, from the imperfection of the inſtruments employ'd 
in the ſenſible obſervations, whereon the mix'd mathematics depend. , This 
is manifeſt in the diſagreeing computations, that famous writers have given 
us of the circumference of the terreſtrial globe ; of the diſtance, and mag- 
nitude, 'of the fixed ſtars, and ſome of the planets ; nay, and of the height 
of mountains: which diſagreement, as it may often proceed from the dif- 
terent method, and unequal skill of the ſeveral obſervers 3 ſo, in many 
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caſes, it may be imputed, to the greater or leſs exactneſs, and manageable- 
neſs of the inſtruments employ'd. The great Tycho Brahe, who, beſides his 
time and induſtry, has beſtow'd vaſt ſums on aſtronomical inſtruments, de- 
ſerves to be heard on this occaſion. © A (mall error,” ſays he, may be eaſily 
committed, even with the larger inſtruments ; and if the ſituation and 
manner of uſing them be not wonderfully exact, abominable miſtakes will 
© be made. Belides all this, the inſtruments themſelves, will, by uſe and 
time, degenerate: for, unleſs they be exquiſitely made of ſolid metal, they 
*©-will ſuffer changes from the air; and, unleſs they are large, the diviſions 
* thereon cannot be ſufficiently exact. But in this caſe too, their weight and 
*© bulk are detrimental ; ſo that hence they eaſily decline from the proper 
plane, or poſition, and grow unmanageable. And therefore, greater per- 
«.fe&ion is required in aſtronomical inſtruments, and greater skill to manage 
them, than has been hitherto generally taken notice of. This we have 
* found by long practice and experience, and with no ſmall coſt and labour.” 

And as for the obſervations made at ſea, Fournier advertiſes us, that upon 
tryal of many inſtruments, both at ſea and a-ſhore, no aſtronomer. in the 
world, can be ſure to make his obſervation at. ſea, within ten minutes of 
the preciſe truth. And, indeed, the obſervations of skilful mathematicians, 
may diſagree ſo much, when they pretend to give us the determinate mea- 
ſures of things, that, of three very eminent moderns, who have taken upon 
them to determine, from experiments, the proportion betwixt air and water, 
the one makes not the weight of the latter to exceed that of the former a- 
bove 150 times ; whilſt the other reckons water to be between 13 and 14 
hundred times, and the third, no leſs than 10000 times, the heavier : not to 
mention a late famous writer or two, who have: thought water, in compa- 
riſon of the air, vaſtly under-reckon'd; even by this laſt eſtimate. And, 
we have made an experiment, relating to this ſubject, which, tho repeated 


ſeyeral times in an hour, yet we fail'd twice as often as we ſucceeded in that 


time, without being able to know how the thing would prove before-hand, 
within ſome pounds weight. 

Hence, then it appears, that thoſe experiments ſhould be ſeveral times very 
carefully try d, upon which we mean to raiſe conſiderable ſuperſtructures, 


either theoretical or practical; and that it is unſafe to rely on ſingle experi- 


ments, eſpecially when minerals are.concern'd : for many, to their coſt, have 
found, that what they at firſt look'd upon as a happy mineral experiment, 
hak prov'd; in the iſſue, the moſt unfortunate. 


And this diſcourſe may, alſo, ſerve as a kind of apology for ſober experi- 


mental writers, in caſe, we ſhould not always, upon tryal, find the expe- 
riments and obſervations they deliver, anſwer our expectations. And, in- 
deed, it would prove a great diſcouragement to wary and conſiderate 


naturaliſts, from enriching the world with their obſervations, if they ſnould 


find, that their faithfulneſs, in ſetting down what they obſerv'd, is not 
alle x0 protect them from the imputation of falſhood; but that by publiſn- 
ing any thing for the good of others, they muſt- expoſe their reputation to 
alkthe uncertainties whereto their experiments may prove obnoxious. Tis 

; true 
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true. indeed, if a writer be fabulous, or a plagiary, and delivers things, con- 
fdently, from hearſay ; and his experiments, upon trial, ſucceed not; we may 
be allow d to aſcribe their unſucceſsfulneſs rather to him, than to ourſelves, 
or chance. But if an author, uſually known to deliver things upon his own 
knowledge, and who ſhews himſelf careful not to be deceiv'd, and unwilling 
to deceive his readers, ſhall deliver any thing, as having try'd, or ſeen it, 
which, yet, argrees not with our experiments; tis a piece of equity to 
think, unleſs we have ſome manifeſt reaſon to the contrary, that he ſer 
down his experiment, or obſervation, as he made it; tho", for ſome latent 
reaſon, it does not conſtantly hold true. 

Finding the Lord Verulam to deliver, that ſpirit of wine will ſwim upon 
oil of almonds, we immediately made trial of it ; but, ſeveral times, found 
the oil to ſwim upon the ſpirit. Our tenderneſs, however, for the reputa- 
tion of ſo great and candid a philoſopher, made us think, that, poſſibly, he 
might have uſed ſpirit of wine more pure than ordinary; and, therefore, 
having provided ſome that was well re&ified, the oil readily funk therein, 
and lay quietly at the bottom. Thus, alſo, the learned Dr. Brown decla- 
ring, that Aqua fortis will quickly coagulate common oil, we put ſome of 
thoſe liquors together, and let them ſtand, for a conſiderable ſpace of time, 
in an open veſſel, without finding any ſuch change in the oil : but, being 
unwilling, that ſo candid and faithful a naturaliſt ſhould ſuffer in his 
character, we, again, made the trial with freſh oil and Agua fortis, in a 
long-neck'd vial, left open at the top; which we kept both in a cool 
place, and afterwards, in-a digeſting furnace: yet, after ſome weeks, 
we found no other alteration in the oil, than that it had acquir'd a 
high and lovely tincture. But, at length, ſuſpe&ing our materials, we 
chang d them; and, _— the experiment, found, after ſome hours, 
| the oil coagulated into the form of a-whitiſh butter. And, -perhaps, 1 
may myſelf, on ſome occaſions, ſtand in need of the like equity I have 
been careful to ſhew towards others. A very skilful chymiſt, by keeping 
ſalt in a vehement fire, for ſeveral days and nights together, and freeing 
the extracted liquor ſo carefully, both from its phlegm and terreſtrial feces, 
prepar'd a ſpirit from it; wherewith, I muſt freely confeſs I diflolv'd 
crude gold: tho? I could not find, that the ſolutions I made of that metal 
| were red, but, rather, of a yellow, or golden colour, much like thoſe ob- 
tain'd by Aqua regis. But, neither this artiſt, nor I, have been able to 
make another ſpirit of ſalt, capable of diſſolving gold, notwithſtanding all 
the induſtry we have employ'd about it: which makes me refer this to con- 
| tingent experiments; unleſs the proſperous event of our former trial may 
be aſcrib'd to the quality of the ſalt diſtill'd, which was brought from the 
iſland of Mayo; where the ſcorching ſun makes, out of the ſea-water, a 
falt, that is accounted much ſtronger, and more ſpirituous, than that of 
France, and other more temperate climates. I once, alſo, inſtantly changed 
the colour of common oil, from a pale yellow, to a deep red, with a few 
drops of a liquor, that was almoſt colourleſs. But this experiment we 


have, ſeveral times, in vain, attempted to make again. And, therefore, 
Bb 2 when 
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when I am ſatisfied of the abilities and circumſpection of a writer, in de- 
livering a matter of fact, upon his own knowledge, I do not, preſently, re. 
ject his obſervation, as untrue, when it ſeems to be contradicted by a more 
undoubted obſervation, or to contradict a receiv'd and plauſible hypotheſis, 
or tradition: but, rather try if, by a proper diſtin&ion, or limitation, ] 
can reconcile them ; unleſs there appears ſome cauſe, that might lead him 
to miſtake : for there ſometimes happen irregularities, contrary to the 
uſual courſe of things; as is evident in monſters ; ſometimes, the re- 
ceiv'd hypotheſis will not hold fo univerſally as men preſume ; and ſome. 
times, too, the contradiction betwixt the obſervations may be only ima- 
ginary, and ſo they may both be true. 

That ſpiders are harmleſs in Ireland, is a known thing in that country; 
yet I dare not deny what the learned Scaliger, ſomewhere, affirms, that, in 
Gaſcom, their venom is ſo pernicious, that they, ſometimes, poiſon thoſe 
who tread upon them, thro” the very ſoles of their ſhoes. And, even here 
in England, ſome ſpiders are venomous, without biting. 

It is generally taken for granted, that, under the :ſame meridian, the 
magnetic needle keeps, every where, the ſame variation; whence many per- 
ſons, upon reading the relations of the Hollanders, how, under the meridian, 
that paſſes by the iſland of Corvo, where the needle points directly to 
the poles, and which is, therefore, uſually reckon'd the firſt meridian, they 
found, at about 46 of northern latitude, a declination of about 7 or 8“: 
and, again, at about 55 of latitude, a far greater number; and alſo, un- 
der the 2oth parallel of ſouthern latitude, in the ſame meridian of the Azure, 
10 or 119 of declination ; many perſons, I ſay, if they ſhould meet with 
theſe particulars, might ſuppoſe the Dutch to have been very bad obſervers, 
becauſe ſuch obſervations agree not with the theory of the needle's decli- 
nation : yet, if we compare them with others of the like nature, made by 
good navigators, and skilful men, along other meridians; we may find caule, 
rather to rectify the general opinion, than reje& the Dutch obſervations, for 
their diſagreeing with it. The jeſuit, Jules Alenis, (whom Fournier extols 
for the moſt accurate obſerver of the variation,) ſailing to China, writes 
thus. You muſt,” ſays he, © take notice of one thing very conſiderable; 
namely, that the farther you go from the equator, in the ſame meridian, 
** the greater you will find the magnetical variation.” 

To conclude, tho', in the weſtern parts, it has been obſerv'd, that, ge- 
nerally, the inſide of trees is harder than the outward part; yet, Fournier, 
who was very well vers'd in the ſubje&, treating of the building of ſhips, 
gives it us, for a very important remark, that they have obſerv'd, at Mar- 

feilles, and all along the Levant ſhores, the wood, next the bark, to be 
{tronger, than the heart of the tree. | > 8 

But theſe things ſhould not diſcourage us from the vigorous proſecution 
of our inquiries into nature; nothing we have ſaid, can be interpreted to 
intimate more, than a great caution, in obſerving and relying on experi- 
ments. 'The phyſician does not renounce his — Fo becauſe many of 


his patients are not cured by his medicines ; nor the husbandman forſake 
- his 
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his plough, though, ſometimes, an unſeaſonable ſtorm, or flood, deſtroys 
his harveſt ; becauſe they both ſucceed oftner than they fail : ſo neither 
ſhould we, by the contingencies incident to experiments, be deterr'd from 
making them ; becauſe many are ſcarce ever obnoxious to caſualties: and 
even among thoſe, whoſe event is not ſo certain, we may, probably, make 
an experiment, very often, without meeting with any unlucky accident : 
and ſure the proſperous ſucceſs of many experiments, will well reward the 
pains employ'd on a few ſueceſsleſs attempts. And here too, it not unfre- 
quently happens, that, even when we obtain not what we ſeek, we find 
ſomething as valuable. Thus merchants quit not their profeſſion, becauſe 
they, now and then, loſe a veſſel; or, frequently, have their ſhips forc'd 
into different ports, from thoſe they are bound for. And as the Americau 
navigators, employ'd by the European merchants, have, ſometimes, by 
ſtorms, been forc'd from their intended courſe, and driven upon unknown 
coaſts, and made diſcoveries of new regions, much more advantageous to 
them, than the faireſt winds, or moſt ſettled weather; fo, in philoſophical 
trials, thoſe unexpected accidents, that defeat our endeavours, ſometimes 
caſt us upon new diſcoveries, of much greater advantage than the deſir d 
ſucceſs would have proved. 
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titude, include whatever is knowable of the univerſe, and its parts ; as 

they cannot be learnt, or taugbt at once, have, of neceſſity, been reſolv d 
into ſeveral diftinf# branches, Many of theſe branches have had particular names 
elſign'd them; as, geography, aſtronomy, optics, chymiſtry, medicine, &c. But 
that part of natural knowledge, which falls direttij under none of theſe grand heads, 
ſeems, in a more reſtrain'd Texke to be call d philoſophy, or phyfics. This, however, 
is a large part of univerſal philoſophy ; and appears capable of affording new bran- 
ches of ſcience, worthy of particular names; or of being join d to ſome of the others; 
as the aſtronomy of comets has, of late, been added to that of the planets. And, even, 
the confideration of a fingle produftion of nature, or a very few properties of ſome bo- 
dies, may give riſe to a new branch of knowledge. Thus, the load-ſtone has introquced 
magnetics ; and the reflexibility, and refraugibility of the ſun's rays, the 
of light and colours. 

As new properties, therefore, come to be diſcover d iu bodies, univerſal mechanics 
wil 10 enlarged, and increaſe in the number of its parts; till at length it becomes 
comp E. 

Hence it is, that ſo confiderable a part f Mr. Boyle? works ſtands under the 
head of phyſics; for he diſcover d abundance of new properties in bodies, which had 
been but little conſi der d; at leaſt, had not been mechanically confider'd, before his time. 

The doctrine of the ſchools had then perverted philoſophy, and render d it unſer- 
viceable to mankind. But Mr. Boyle has aboliſh'd their chimerical ſubſtantial 
forms, and other uſeleſs and ill. grounded notions, by letting in more light upon them; 
and ſhewn us the true origin of qualities iu bodies : and this he has done, by ſuch 
hor = experiments, that they may, at once, inſtruct, delight, and benefit the 
reader, 

Indeed, Mr. Boyle appears to have been, in all reſpefts, one of the moſt profit- 
able authors, who ever treated philoſophy. He is not content, barely, to gain his 
Point, and firmly to eſtabliſh the doctrine he advances ; but is curious in the choice 
of the materials he employs to do it; and ſeldem produces an experiment, (of which, 
yet, he gives us a ſurprizing number) to _ or illuſtrate his aſſertions ; but 
what may, ſome way or other, be made gainful to particular perſons, and advan- 
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Um R SAL mechanics, or phyſics in general; which in their ful la- 
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tageous to mankind, in general, This, evidently appears, in ſeveral of the following 
eſſays ; as particularly, when he treats of forms, of colours, and of cold. His prin- 
cipal view in all his writings, ſeems to have been, to render them uſeful and inſtruc. 
tive. He advances no barren theories, or deep alſtract ſpeculations ; but lays doun 
fertile principles, and proves and illuſtrates then by matters Fact, evident pheng- 
mena of nature, and appofite and fruitful experiments. | 

Theſe experiments, tis true, are often taken from the laboratory; and require a 
little knowledge in chymiſtry, in order, fully, to underſtand and improve them. And it 
were greatly to be wiſh'd, that this art had a larger ſpread ; and were more gene 
rally known, at leaſt in its fundamental” operations, and more obvious phenomena. 
The deſign of our author, in ſome of the fallywing pieces, was to ſhew how advan- 
tageouſly chymiftry, which,” thro* ill management, had almoſt ruin d philoſophy, 
might be applied to the purpoſes Fl it. A defign which the great Sir I. Newton 
bas executed ſo far, as, by means of that art, to account for moſt of the operations 
of nature, in the ſmaller portious of matter; as, by a like ſagacity, he has, with 
uni ver ſal applauſe, ſolved the phenomena of the larger. 

Thus much for the author; I muſt next ſay a word to the abridgment. I deſre 
it may not be too haſtily cenſur'd, if, in he of the following pieces, and particy- 
larly in the Origin of Forms, there is not that cloſeneſs of ſtyle obſerv*d, which we, at 
ether times, employ ; and which ſeems requifite in an abridgment. A greater latitude 
of expreſſion was here made choice of, and ſome degrees of repetition admitted, in 
order to initiate and ground the leſs knowing, in the principles of the true philoſophy, 
by making all things as plain and eaſy as poſſible. To have contracted the mat» 
ner vloſe, and never to have varied the manner of expreſſion, would have render d 
the doctrine leſs intelligible ; and, conſequently, leſs generally uſeful. 

Under this head of phyſics, I have been obliged to admit a few pieces of 
Mr. Boyle, which, tho properly philoſophical, yet, treating of the great author of 
the univerſe, may, to ſome, appear of too religious a nature for the place aſſigu d 
them. But a very great philoſopher aſſures us, that to treat of God from the phe- 
nomena of nature, is a part of experimental philoſophy z and - accordingly, at the 
cloſe of the fineſt ſyſtem of that philoſophy, which was ever ſubmitted to the human 
capacity, he has, from the phenomena of the world, diſcover'd more of its grand au- 
thor, than we could, otherwiſe, have well hoped to know. And at the concluſion f 
another treatiſe of a beautiful branch of knowledge, he tells us, that, © if the whole 
* ſyſtem of philoſophy ſhall, at length, be perfected, the bounds of moral philoſophy 
* wil, alſo, be enlarged ; for fo far as we can know by natural philoſophy, what 
is the firſt cauſe, what power he has over us, and what benefits we receive from 
Him; fo far our duty towards him, as well as that towards one another, will a- 
* pear to us by the light of nature. . 
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B' embracing the corpuſcular, or mechanical philoſophy, I am far Tie mectunicat 


— uu— - 
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from ſuppoing, with the Epicureans, that, atoms accidentally meeting ##42% what 
in an infinite vacuum, were able, of themſelves, to produce a world, 
and all its phenomena : nor do I ſuppoſe, when God had put into the whole 
mals of matter, an invariable quantity of motion, he needed do no more to 
makethe univerſe ; the material parts being able, by their own unguided mo- 
tions, to throw themſelves into a regular ſyſtem. The philoſophy I plead for, 
reaches but to things purely corporeal; and diſtinguiſhing betweea the firſt 
origin of things, and the ſubſequent courſe of nature, teaches, that God, 
indeed, gave motion to matter ; but thar, in the beginning, he ſo guided the 
various motion of the parts of it, as to contrive them into the world he 
deſign'd they ſhould compoſe ; and eſtabliſh'd thoſe rules of motion, and 
that order amongſt things corporeal, which we call the laws of nature. 'Thus, 
the univerſe being once fram'd by God, and the laws of motion ſettled, and 
all upheld by his perpetual concourſe, and general providence ; the ſame philo- 
ſophy teaches, that the phenomena of the world, are phyſically produced 
by the mechanical properties of the parts of matter ; and, that they operate 
upon one another according to mechanical laws. Tis of this kind of cor- 
puſcular philoſophy, that I ſpeak. 

And the firſt thing, that recommends it, is, the intelligibleneſs, or clear- De principles of 
neſs, of its principles and explanations. Among the peripatetics, there are nſw es: 22 
many intricate diſputes about matter, privation, ſubſtantial forms, their in«igi 
eductions, &c. And, the chymiſts are puzzled to give ſuch definitions, and 
accounts, of their hypoſtatical principles, as are conſiſtent with one ano- 
ther, and to ſome obvious phenomena: and much more dark and intri- 
cate, are their doctrines about the Archeus, aſtral Beings, and other odd 
notions ; which, perhaps, have, in part, occaſion'd the darkneſs and an» 
biguity of their expreſſions, that could not be very clear, when their con- 
ceptions were obſcure. And if the principles of the Ariſtetelians, and chy» 
miſts, are thus obſcure, it isnot to 29 that the explications, made ne 
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Pnrsics. the help of ſuch principles, only, ſhould be intelligible. And, indeed, 
many of them are ſo general and flight, or otherwiſe ſo unſatisfactory, that, 


Simple, 


granting their principles, tis very hard to underſtand, or admit their ap- 
plications of them to particular phenomena. And, methinks, even in ſome 
of the more ingenious and ſubtile of the peripateric diſcourſes, the authors, 
upon their ſuperficial and narrow theories, have acted more like painters, 
than philoſophers; and only ſhewn their skill, in making men fancy they 
ſee caſtles, cities, and other ſtructures, that appear ſolid, magnificent, and 
extenſive ; when the whole piece is ſuperficial, artificially made up of co- 
lours, and comprized within a frame. But, as to the corpuſcular phis 
loſophy, men do ſo eaſily underſtand one another's meaning, when they talk 
of local motion, reſt, magnitude, ſhape, order, ſituation, and contexture, 
of material ſubſtances ; and theſe principles afford ſuch clear accounts of 
thoſe things, that are rightly deduced from them alone; that, even ſuch 
peripatetics, or chymiſts, as maintain other principles, acquieſce in the 
explications made by theſe, when they can be had; and ſeek no further 
tho, perhaps, the effect be ſo admirable, as to make it paſs for that of a 
hidden form, or an occult quality. Thoſe very Ariſtotelians, who believe 
the celeſtial bodies to be moved by intelligences, have no recourſe to any 
peculiar agency of theirs, to account for eclipſes: and, we laugh at thoſe 
Eaſi-Indians, who, to this day, go out in multitudes, with ſome inſtruments, 
to relieve the diſtreſſed luminary ; whoſe loſs of light, they fancy, proceeds 
from ſome fainting fit ; out of which, it muſt be rouz'd. For no intelligent 
man, whether chymiſt, or peripatetic, flies to his peculiar principles, after 
he is inform'd, that the moon 1s eclipſed, by the interpoſition of the earth, 
betwixt her, and it ; and the ſun, by that of the moon, betwixt him and 
the earth. And, when we ſee the image of a man, caſt into the air, by 
a concave ſpherical ſpeculum; tho moſt men are amazed at it, and ſome 
ſuſpect it to be no leſs than an effe& of witchcraft ; yet he, who is skill'd 
enough in catoptrics, will, without conſulting Ariſtotle, or Paracelſus, or lying 
to hypoſtatical principles, or ſubſtantial forms, be ſatisfy'd, that the pheno- 
menon is produced by rays of light reflected, and made to converge, ac- 
cording to optical, and mathematical laws. 

2. I next obſerve, that there cannot be fewer principles, than the two 
grand ones of our philoſophy, matter, and motion; for matter, alone, un- 
leſs it be moved, is wholly unaRive ; and, whilſt all the parts of a body, 
continue in one ſtate, without motion, that body will not exerciſe any 


' ation, or ſuffer any alteration ; tho it may, perhaps, modify the action of 


other bodies, that move againſt it. 

3. Nor, can we conceive any principles more primary than matter and 
motion: for, either both of them were immediately created by God; or, if 
matter be eternal, motion muſt either be produced, by ſome immaterial 
ſupernatural agent; or, it muſt immediately flow, by way of emanation, 
from the nature of the matter it appertains to. 

4- There cannot be apy phyſical principles more ſimple, than matter and 
motion; neither of them being reſoluble into any other thing. Th 

$- 486 


# 


7 


Ie Pn, TS WW «= 9 4 —  — * * 


of the Mechanical Philoſophy. 


5- The next thing, which recommends the corpuſcular principles, is, Paysrcsg 


their extenſiveneſs. The genuine, and neceſſary effect of the ſtrong mo- 
tion of one part of matter, againſt another, is either to drive it on, in its en- 
tire bulk, or, to break and divide it into particles of a determinate motion, 
figure, ſize, poſture, reſt, order, or texture. The two firſt of theſe, for 
inſtance, are each of them capable of numerous varieties : for the figure of 
a portion of matter, may either be one of the five regular geometrical 
figures, ſome determinate ſpecies of ſolid figures, or irregular, as the 

ains of ſand, feathers, branches, files, &c. And, as the = ſo the 
motion of one of theſe particles, may be exceedingly diverſified, not only by 
the determination to a particular part of the world ; but by ſeveral other 
things : as by the, almoſt, infinitely different degrees of celerity 3 by the 
manner of its progreſſion, with, or without rotation, &c. and more yet 
by the line wherein it moves; as circular, elliptical, parabolical, hyperbolical, 
ſpiral, Oc. For, as later geometricians have ſhewn, that theſe curves may 
be compounded of ſeveral motions, that is, deſcrib'd by a body, whoſe mo- 
tion is mix'd, and reſults from two or more ſimple motions : ſo, how 
many more curves may be made by new compoſitions, and re-compoſitions 
of motion, is not eaſy to determine. 

Now, ſince a ſingle particle of matter, by virtue of only two mechanical 
properties, that belong to it, may be diverſify'd ſo many ways; what a valt 
number of variations, may we ſuppoſe capable of being produced by the 
compoſitions, and re=compoſitions of myriads of ſingle inviſible corpuſcles, 
that may be contain'd, and concreted in one ſmall body ; and each of them 
be endued with more than two or three of the fertile, univerſal principles 
above-mentioned? And the aggregate of thoſe corpuſcles, may be further 
diverſify'd by the texture reſulting from their convention, into a body; 
which, as ſo made up, has its own magnitude, ſhape, pores, and many ca- 
pacities of acting and ſuffering, upon account of the place it holds among 
other bodies, in a world, conſtituted like ours: ſo that, conſidering the 
numerous diverſifications, that compoſitions and re-compoſitions may make 
of a ſmall number; thoſe, who think the mechanical principles may ſerve, 
indeed, to account for the phenomena of ſome particular part of naturaÞ 
philoſophy, as ſtaties, the theory of the planetary motions, &c. but prove 
unapplicable to all the phenomena of things corporeal; ſeem to imagine, that 


by putting together the letters of the alphabet, one may, indeed, make up all 


the words to be found in Euclid or Virgil, or in the latin or engliſh language, 
but that they can by no means ſupply words to all the books of a great li- 
brary ; much leſs, to all the languages in the world. 


There are other philoſophers, who, obſerving the great efficacy of 


magnitude, ſituation, motion, and connexion, in engines, are willing to 
allow thoſe mechanical principles, a great ſhare in the operations of bodies 
of a ſenſible bulk, and manifeſt mechaniſm ; and, therefore, to be uſefully 
employ'd, in accounting for the effects, and phenomena of ſuch bo- 
dies: tho they will not admit, that theſe principles can be apply'd to the 
hidden tranſactions among the minute particles of bodies; and, therefore, 
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Paysics. think it neceſſary to refer theſe to what they call nature, ſubſtantial forms, 


real qualities, and the like immechanical agents. But this is not neceſſary: 


for, the mechanical properties of matter, are to be found; and the laws 


of motion take place, not only in the great maſſes, and the middle- ſiz d lumps, 
but in the ſmalleſt fragments of matter : a leſs portion of it being as 


much a body, as a greater; muſt as neceſlarily, as the other, have its de- 


terminate bulk and figure. And, whoever views ſand thro” a good micro- 
ſcrope, will eaſily perceive, that each minute grain, has as well its own 
ſize and ſhape, as a rock or a mountain. 'Thus too, when we let fall a large 
ſtone, and a pebble, from the top of a high building ; they both move con- 
formably to the laws of acceleration, in heavy deſcending bodies : and 
the rules of motion are obſerv'd, not only in canon-bullets, but in ſmall 
ſhot ; and the one ſtrikes down a bird, according to the ſame laws, as the 
other batters a wall. And tho nature works with much finer materials, and 
employs more curious contrivances, than art ; yet an artiſt, according to 
the quantity of the matter he employs, the exigency of the deſign he un- 
dertakes, and the magnitude and ſhape of the inſtruments he uſes, is able 
to make pieces of work, of the ſame nature or kind, of extremely different 
bulks; where yet, the like art, contrivance, and motion, may be obſerved. 
Thus a ſmith, who, with a hammer, and other large inſtruments, can, 
out of maſles of iron, forge great bars or wedges, to make ſtrong and pon- 
derous chains to ſecure ſtreets and gates ; may,with leſſer inſtruments, make 
ſmaller naiis, and filings, almoſt as minute as duſt ; and with yet finer tools, 
make links wonderfully light and ſlender. And, therefore, to ſay, that tho 
in natural bodies, whoſe bulk is manifeſt, and their ſtructure viſible, the 
mechanical principles may be uſefully admitted ; but are not to be extended 
to ſuch portions of matter, whoſe parts and texture ate inviſible, is like 
allowing, that the laws of mechaniſm may take place in a town-clock, and 
not in a pocket-watch : or, becauſe the terraqueous globe is a vaſt mag- 
netical body, one ſhould affirm, that magnetical laws are not to be ex- 
pected manifeſt in a ſmall ſpherical piece of load-ſtone ; yet, experience 
ſhews us, that, notwithſtanding the immenſe diſproportion betwixt theſe 
two ſpheres, the terella, as well as the earth, hath its poles, equator, and 


meridians 3 and, in ſeveral other magnetical properties, reſembles the ter- 


reſtrial globe. 

When, to ſolve the phenomena of nature, agents are made uſe of, which, 
tho they involve no contradiction in their notions, as many think ſubſtantial 
forms and real qualities do ; yet are ſuch, that we conceive not how they 
operate to produce effects; ſuch agents I mean, as the ſoul of the 
world, the univerſal ſpirit, the plaſtic power, Oc. the curioſity of an in- 
quiſitive perſon is not ſatisfied hereby ; who ſeeks not ſo much to know, 
what is the general agent that produces a phenomenon, as by what means, 
and after what manner, it is produced. Sennertus, and other phyſicians, 
tell us of diſeaſes, which proceed from incantation ; but ſure, it is very 
trivial to a ſober phyſician, who comes to viſit a patient, reported to be 
bewitch'd, to hear only, that the ſtrange ſymptoms he meets with, = 
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will never be ſatisfied with ſo ſhort an anſwer, if he can, by any means, re- 
duce thoſe extravagant ſymptoms to any more known and ſtated diſeaſes ; 
as epilepſies, convulſions, hyſteric fits, Cc. and if he cannot, he will con- 
feſs his knowledge of this diſtemper, to come far ſhort of what might be 
expected and attain'd in other diſeaſes, wherein he thinks himſelf bound 
to ſearch into the morbific matter; and will not be ſatisfied, till he can, 
probably, deduce from that, and the ſtructure of the human body, and 
other concurring phyſical cauſes, the phenomena of the malady. And, it 
would be but little ſatisfaction to one, who deſires to underſtand the cauſes 
of the phenomena in a watch, and how it comes to point at, and ſtrike the 
hours; to be told, that a certain watch-maker ſo contriv'd it: or, to him 
who would know the true cauſes of an echo, to be anſwer'd, that it is a 
man, a vault, or a wood, that makes it. 

I come now to conſider that, which, I obſerve, moſt alienates other ſects 
from mechanical philoſophy ; viz. a ſuppoſition, that it pretends to have 
principles, ſo univerſal and mathematical, that no other phyſical hypotheſis 


can be tolerated by it. 


This, I look upon, as an eaſy, indeed, but an important miſtake : for, 


the-mechanical principles are ſo univerſal, and applicable to ſo many pur- 
poſes, that they are rather fitted to take in, than to exclude, any other 
hypotheſis founded on nature. And ſuch hypotheſes, if prudently conſider'd, 
will be found, as far as they have truth on their (ide, to be either legitimately 


deducible from the mechanical principles, ox fairly reconcileable to them. 
For ſuch hypotheſes will, probably, attempt to account for the phenomena - 


of nature, either, by the help of a determinate number of material ingre- 


dients, ſuch as the tria prima of the chymiſts ; or elſe by introducing ſome- 
general agents, as the Platonic ſoul of the world, and the univerſal ſpirit, 


aſſerted by ſome chymiſts; or, by both thefe ways together. 

Now, the chief thing that a philoſopher ſhould look after, in ex- 
plaining difficult phenomena, is not ſo much what the agent is, or does ; as, 
what changes are made in the patient, to bring it to exhibit the phenomena 
propos'd ; and by what means, and after what manner, thoſe changes are 
effected. So that the mechanical philoſopher being ſatisfred, one part of 
matter can act upon another, only by virtue of local motion, or, the eſſects 
and conſequences thereof; he conſiders, if the propoſed agent be not 
intelligible and phyſical, it can never phyſically explain the phenomena; 
and if it be intelligible and phyſical, it will be reducible ro matter, and, 
ſome, or other, of its univerſal properties. And the indefinite diviſibility 
of matter, the wonderful efficacy of motion, and the, almoſt, infinite va- 
riety of coalitions and ſtructures, that may be made of minute and inſen- 


ſible corpuſcles, being duly weigh'd ; why may not a philoſopher think it 
toſſible, to make out, by their help, the mechanical poſſibility of any cor- - 


poreal agent, how ſubtile, diffuſed, or active ſoever, that can be ſolidly 
proved to have a real exiſtence in nature > Tho the Carteſiaus are mechani- 
cal philoſophers, yet their Materia ſubtilis, which the very name deelares 

2 


would have an account of, are produced by a witch, or the devil ; and he Pürsics. 
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Paysrcs. to be a — — ſubſtance, is, for ought I know, little leſs diffus*'d thro? 
WWYNY the univerſe, or leſs active in it, than the univerſal ſpirit of ſome chymiſts ; 
not to ſay the Anima mundi of the Platoniſts, But whatever be the phyſical 
agent, whether it be inanimate, or living, purely corporeal, or united to 
an intellectual ſubſtance ; the above-mention'd changes, wrought in the 
body, made to exhibit the phenomena, may be effected by the ſame, or the 
like means ; or after the ſame, or the like manner : as, for inſtance, if corn 
be reduced to meal ; the materials, and ſhape of the mill-ſtones, and their 
peculiar motion and adaptation, will be much of the ſame kind ; and, to be 
ſure, the grains of corn will ſuffer a various attrition, and comminution in 
their paſſage to the form of meal, whether the corn be ground by a water- 
mill, or a wind-mill, a horſe-mill, or a hand-mill ; that is, a mill, whoſe 
ſtones are turn d by inanimate, by brute, or by rational agents. And if an 
angel himſelf, ſhould work a real change in the nature of a body, tis ſcarce 
conceivable to men, how he could do it, without the aſſiſtance of local mo» 
tion; ſince, if nothing were diſplac'd, or, otherwiſe. mov'd than before, 
tis hardly conceivable, how it ſhould be, in itſelf, different from what it 
was before. 
But if the chymiſts, or others, who would deduce a compleat natural 
philoſophy, from ſalt, fulphur, and, mercury, or any determin'd number 
of ingredients of things, would well conſider what they undertake, they 
might eaſily diſcover, that the material parts of bodies can reach but to a 
few phenomena of nature, whilſt theſe ingredients are conſider'd but as 
quieſcent things, whence, they would find themſelves oblig'd to ſup- 
poſe them active; and that things, purely corporeal, cannot, but by 
means of local motion, and the effects that may reſult from it, be variouſl 
ſhap'd, ſiz d, and combined parts of matter: ſo that the chymiſts mu 
leave the greateſt part of the phenomena of the univerſe unexplain'd, by 
means of the ingredients of bodies, without taking in the mechanical and 
more comprehenfive properties of matter, eſpecially local motion. I willingly 
grant, that ſalt, ſulphur, and mercury, or ſome ſubſtances analogous to 
them, are obtainable, by the action of the fire, from a very great many diſſi- 
pable bodies here below. Nor do I deny, that, in explaining ſeveral pheno- 
mena of ſuch bodies, it may be of uſe to a naturaliſt, to know, and conſider, 
that, as ſulphur, for inſtance, abounds in the body propos'd, it may be, 
thence, probably argued, that the qualities, uſually attending that prin- 
ciple, when predominant, may be, alſo, upon its account, found in the 
Hody that ſo largely partakes of it. But, tho* chymical explications are, 
ſometimes, the moſt obvious, yet they are not the-moſt fundamental, and 
ſatisfactory: for the chymical ingredient itſelf, whether ſulphur, or any 
other, muſt owe its nature, and other qualities, to the union of inſenſible 
particles, in a convenient fize, ſhape, motion, or reſt, and texture; all 
which are but mechanical properties of convening corpuſcles. And this 
may be illuſtrated by what happens in artificial fire-works. For, tho' in 
moſt of thoſe ſorts, made either for war, or recreation, gun-powder be a 
principal ingredient; and many of the phenomena may be deriy'd from the 


greater 


. 
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greater or leſs proportion, wherein it enters the compoſitions : yet there Puysrcs: 
may be fire-works made without gun-powder, as appears by thoſe of tße 


ancient Greeks, and Romans, And gun-powder owes its aptneſs to fire, and 
to be exploded, to the mechanical texture of more ſimple ry of matter, 
nitre, charcoal, and ſulphur. And ſulphur itſelf, tho it be by many chy- 


miſts miſtaken for an hypoſtatical principle, owes its inflammability to the 


union of {till more ſimple and primary corpuſcles ; ſince chymiſts confeſs, 
that it has an inflammable ingredient : and experience ſhews, that it very 
much abounds with an acid and uninflammable ſalt, and is not deſtitute of 
a terreſtrial part. It may, indeed, be here alledg'd, that the productions of 


chymical analyſes, are ſimple bodies; and, upon that account, irreſoluble. 


But, that ſeveral ſubſtances, which chymiſts call the ſalts, ſulphurs, 
or mercuries of the bodies that afford them, are not ſimple and homo- 

eous, is demonſtrable. Nor is their not being eaſily diſſipable, or re- 
{luble, a clear proof of their not being made up of more primitive por- 
tions of matter. For compounded bodies may be as diſficultly reſoluble, 
as moſt of thoſe that chymiſts obtain by the fire: witneſs common green- 
glaſs, which is far more durable, and irreſoluble, than many of thoſe which 
paſs for hypoſtatical ſubſtances. And ſome amels will, for ſeveral times, 
even vitrity in the forge, without loſing their nature, or, often, ſo much as 
their colour: yet, amel conſiſts of ſalt, powder of pebbles, or ſand, 
and calcined tin ; and, if not white, uſually of ſome tinging metal, or 
mineral. But how indeſtructible ſoever the chymical principles are ſup- 
poſed, ſeveral of the operations aſcribed to them, will never be made ap- 
pear, without the help of local motion: were it not for this, we can but 
little better ſolve the phenomena of many bodies, by knowing what ingre- 
dients compoſe them, than we can explain the operations of a watch, by 
knowing of how many, and of what metals, the balance, the wheels, the 
chain, and other parts conſiſt ; or than we can derive the operations of a 
wind- mill, from barely knowing, that *tis made up of wood, ſtone, can- 
vaſs, and iron. And here let me add, that it would not, at all, overthrow 
the corpuſcularian hypotheſis, tho?, either by more exquiſite purifications, 
or by ſome other operations, than the uſual analyſis by fire, it ſhould ap- 
pear, that the material principles of mix*d bodies, are not the tria prima of 
the vulgar chymiſts; but, either ſubſtances of another nature, or fewer in 
number; or, if it were true, that the Helmontians had ſuch a reſolving 
menſtruum, as their maſter's alkaheſt, by which, he affirms, that he could 
reduce ſtones into ſalt, of the ſame weight. with the mineral; and bring 
both that ſalt, and all other mix'd and tangible bodies, into inſipid water. 
For, whatever be the number or qualities of the chymical principles, if they 
really exiſt in nature, it may, very poſſibly, be ſhewn, that they are made 
up of inſenſible corpuſcles, of determinate bulks and ſhapes : and, by the 
various coalitions, and textures of ſuch corpuſcles, many material ingre- 
dients may be compoſed, or made to reſult. But tho? the alkaheſtical re- 
ductions, newly mentian'd, ſhould be admitted, yet the mechanical prin- 
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pursics. ciples might well be accommodated even to them. For the ſolidity, taſte, 
ec. of ſalt, may be oy accounted for, by the ſtiffneſs, ſharpneſs, and other 

mechanical properties of the minute particles, whereof ſalt conſiſts : and 
if, by a farther action of the alkaheſt, the ſalt, or any other ſolid body, be 
reduced into infipid water, this, alſo, may be explain'd by the ſame prin- 
ciples; ſuppoſing a farther comminution of its parts, and ſuch an attrition, 
as wears off the edges and points that enabled them to ſtrike briskly upon 
the organ of taſje: for as to fluidity, and firmneſs, they, principaliy, depend 
apon two of our grand principles, motion, and reſt. And, cis certain, that the 
agitation, or reſt, and the looſer contact, or cloſer coheſion of the particles, 
is able to make the ſame portion of matter, at one time, a firm, and, at an- 
other, a fluid body. So that, tho' future ſagacity, and induſtry of chymiſts, 
ſhould obtain, from mix'd bodies, homogeneous ſubſtances, different in num- 
ber, nature, or both, from their vulgar ſalt, ſulphur, and mercury; yet the 
eorpuſcular philoſophy is ſo general and fertile, as to be fairly reconcilable 
to ſuch a diſcovery; and, alſo, ſo uſeful, that theſe new material princi- 
ples will, as well as the old tria prima, ſtand in need of the more univerſal 
principles of the corpuſcularians; eſpecially of local motion. And, indeed, 
whatever elements, or ingredients, men haye pitch'd upon ; yet, if they 
take not in the mechanical properties of matter, their principles are 
ſo deficient, that I have obſery'd, both the materialiſts and chymiſts, 
not only leave many things unexplain'd, to which their narrow principles 
will not extend ; but, even in the particulars they preſume to give an ac- 
count of, they either content themſelves to aſſign ſuch common and inde- 
finite cauſes, as are too general to be ſatisfactory; or, if they venture to 
give particular cauſes, they aſſign precarious or falſe ones, liable to be eaſily 
diſproved by circumſtances, or inſtances, whereto their doctrine will not 
agree. The chymiſts, however, need not be frighted from acknowledg- 
ing the prerogative of the mechanical philoſophy, ſince that may be recon- 
cilable with the truth of their own principles, ſo far as they agree with 
the phenomena they are applied to : for theſe more confined hypotheſes 
may be ſubordinate to thoſe more general and fertile principles; and there 
can be no ingredient aſſign d that has a real exiſtence in nature, but may 
be deriv'd, either immediately, or by a row of compoſitions, from the 
univerſal matter, modified by its mechanical properties. For if with the 
ſame bricks, differently put together, and rang'd, ſeveral bridges, vaults, 
houſes, and other ſtructures may be raiſed merely by a various contrivance 
of parts of the ſame kind ; what a great variety of ingredients may be 
produced by nature, from the various coalitions and contextures of cor- 
pulcles, that need not be ſuppos d, like bricks, all of the ſame ſize and ſhape; 

4 t to have, both in the one and the other, as great a variety as could be 

wiſh'd for? And the primary and minute concretions, that belong to theſe 
ingredients, may, without oppoſition from the mechanical philoſophy, be 
ſuppos'd to have their particles ſo minute, and ſtrongly coherent, that na- 
ture, of herſelf, ſcarce ever tears them aſunder. 'Thus mercury and gold may 
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be ſucceſſively made to put on a multitude of diſguizes; and yet ſo retain Physics. 


their nature, as to be reducible to their priſtine forms, 


From hence, it is probable, if, beſides rational ſouls, there be any 


immaterial ſubſtances, ſuch as the heavenly intelligences, and the ſubſtan- 
tial forms of the Ariſtotelians, that are regularly to be number'd among na- 
tural agents ; their way of working being unknown to us, they can only 
help to conſtitute and effe& things, but will very little help us to conceive 
how things are effected; ſo that, by whatever principles natural things are 
conſtituted, tis, by the mechanical principles, that their phenomena muſt 
be clearly explain'd. For inſtance, tho* we grant, with the Ariſtotelians, 
that the planets are made of a quinteſſential matter, and mov'd by angels, 
or immaterial intelligences ; yet, to explain the ſtations, progreſſions, and 
retrogradations, and other phenomena of the planets, we muſt have re- 
courſe either to excentrics, epicycles, &c. or to motions made in elliptical, 
or other peculiar lines; and, in a word, to theories, wherein the motion, 
figure, ſituation, and other mathematical, or mechanical properties are 
chiefly employ'd. But, if the principles propos'd be corporeal, they will 
then be fairly reducible, or reconcilable to the mechanical principles ; theſe 
being ſo general and fertile, that, among real material things, there is 
none but may be deriv'd from, or reduced to them. And when the chy- 
miſts ſhall ſhew that mix'd bodies owe their qualities to the predominancy 
of any one of their three grand ingredients, the corpuſcularians will ſhew, 
that the very qualities of- this, or that ingredient, flow from its peculiar 
texture, and the mechanical properties of the corpuſcles that compoſe it. 


And to affirm, that becauſe the chymical furnaces afford a great number 


of uncommon productions, and phenomena, that there are bodies, or ope- 
rations, amongſt things purely corporeal, not derivable from, or recon- 
cilable to the principles of mechanical philoſophy; is to ſay, becauſe there 
are many and various hymns, pavins, threnodies, courants, gavots, ſara- 
bands, Sc. in a muſic book, many of the tunes, or notes, have no depen- 
dance on the ſcale of muſic ; or as if, becauſe excepting rhomboids, ſquares, 
pentagons, chiliagons, 'and numerous other polygons, -one ſhould affirm 
there are ſome rectilineal figures, not reducible to triangles, or that have 
properties which overthrow Euclid's doctrine of triangles, and polygons. 

I ſhall only add, that as mechanical principles, and explanations, where 
they can be had, are, for their clearneſs, preferr'd by materialiſts them- 
ſelves; ſo the ſagacity and induſtry of modern naturaliſts, and mathema- 
ticians, having happily apply'd them to ſeveral of thoſe difficult phenomena, 
which before were referr'd to occult qualities, tis probable, that when this 
philoſophy is more ſcrutiniz'd, and farther improv'd, it will be found appli- 
cable to the ſolution of ſtill more phenomena of nature. And *tis not always 
neceſſary, that he who advances an hypotheſis in aſtronomy, chymiſtry, ana- 
tomy, Cc. be able, 4 priori, to prove it true, or demonſtratively to ſhew 
that the other hypotheſis, propos'd about the ſame ſubje&, muſt be falſe; 
for, as Plato ſaid, that the world is God's epiſtle to mankind ; and 
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characters; ſo, in the phyſical explanations of the parts and ſyſtem of the 
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world, methinks, there is ſomewhat like what happens, when men con- 
jecturally frame feveral keys to read a letter written in eyphers. For tho 
one man, by his ſagacity, finds the right key, it will be very dif- 
ficult for him, either to prove, otherwiſe than by trial, that any particular 
word is not ſuch as *tis gueſs'd to be by others, according to their keys; 
or to ſhew, à priori, that theirs are to be rejected, and his to be prefer'd : 
yet, if due trial being made, the key he propoſes be found fo agreeable to 
the characters of the letter, as to enable one to underſtand them, and 
make coherent ſenſe of them, its ſuitableneſs to what it ſhould decypher, 
is, without either confutations, or foreign poſitive proofs, alone ſufficient to 
make it accepted as the right key of that cypher. Thus, in phyſical hy- 


potheſes, there are ſome, that, wichout falling foul upon others, peaceably 


obtain the approbation of diſcerning men, only by their fitneſs to ſolve the 
phenomena for which they were deviſed, without thwarting any known 
obſervation, or law of nature: and therefore, if the mechanical philoſophy 
ſhall continue to explain corporeal things, as it has of late, tis ſcarce to be 


doubted, but that, in time, unprejudiced perſons will think it ſufficiently 


recommended, by its being conſiſtent with itſelf, and applicable to ſo many 
phenomena of nature. h . 
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SECT. L 
HE doctrine I ſhall here attempt to eſtabliſh, take as follows. 


T 


extended, diviſible, and impenetrable ſubſtance. watter, 


1. There is one univerſal matter, common to all bodies, an 4» miwnſal 


2. This matter being in its own nature but one, the diverſity in bodies The weaſity f 


muſt neceſſarily ariſe Fom ſomewhat elſe ; and ſince there could be no . 
change in matter at reſt, there is a neceſſity of motion to diſcriminate it; and 
for that motion, alſo, ro have various tendencies. 


Motion, in many parts of matter, appears manifeſt to ſenſe; but how it came whence met 


by this motiom, is diſputed. The antient corpuſcularians, who acknowledged 

no author of the univerſe, were reduced to make it inherent in matter; and, 

conſequently, coeval therewith : bur ſince local motion, or an endeavour at it, 

is not included in the nature of matter, which is as much matter when at 

reſt, as, when in motion; and, ſince the ſame portion of matter, may from 

motion be reduced to reſt ; and, after it hath continued at reſt, as long as 

other bodies do not put it out of that ſtate, may, by external agents be mo- 

ved again; I am of opinion, that the origin of motion in matter, is from 

God ; as, alſo, the laws by which it operated in bringing the world to its 

preſent frame : ſo that local motion ſeems to be the principal amongſt ſecond 

cauſes, and the grand efficient of all that happens in nature. For tho” bulk, 

figure, reſt, ſituation, and texture, concur to the phenomena of nature ; 

yet, in compariſon of motion, they ſeem, in many caſes, to, be effects, and 
| | in 
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Pnrsics. in others, little better than conditions or requiſites, which modify the ope- 
nation, that one part of matter, by virtue of its motion, hath upon another; 
as in a watch, the number, the figure, and correſpondence of the wheels 
and other parts, are requiſite to the performing the office of a watch; but 
till theſe parts are actually put in motion, all their other properties remain 
inefficacious. Thus, alſo, a key, tho” it were too big or too little, or its ſhape 
unfit for that of the cavity of the lock, would not perform its office, tho 
put into motion; yet, let its ſize and figure be never ſo fit, unleſs actual 
motion intervene, it will never lock or unlock: as, without the like actual 
motion, a knife, or razor, will not actually cut, how much ſoever their 
ſhape, and other qualities, fit them for that action. So brimſtone, what 
diſpoſition of parts ſoever it has to be turned into flame, would never be 
kindled, unleſs ſome actual fire, or other vehemently and variouſly agitated 
matter, puts the ſulphureous corpuſcles into a very brisk motion“. 

Natter divi- 3. Theſe two principles, matter and motion, being eſtabliſhed, it will 
* follow, that matter muſt be actually divided into parts; and that each of 
| the primitive fragments, or other diſtin& and entire maſſes, muſt have two 
attributes, its own magnitude or ſize, and its own figure or ſhape. And, 
ſince experience ſhews, that this diviſion of matter is frequently made into 
inſenſible particles; we may conclude, that the minuteſt fragments, as well 
as the largeſt portions of the univerſal matter, have, likewiſe, their peculiar 
bulk and ſhape. For being a finite body, its dimenſions muſt be termina- 
ted, and meaſurable ; and tho* it may change its figure, yet it will ne- 
cedſſarily have ſome figure or other. We muſt, therefore, admit three eſſential 
properties of each entire part of matter, viz. magnitude, ſhape, and either 
motion or reſt : the two firſt of which may be called inſeparable accidents; 
becauſe matter being extended, and yet finite, it is phyſically impoſſible, that 

it ſhould be deſtiture of ſome bulk and determinate ſhape. 
The entiov of Whether theſe accidents may not be called the modes, or primary affec- 
= dions of bodies, to diſtinguiſh them from the leſs ſimple qualities, colours, 
taſtes, &c. that belong to bodies upon their account; or whether, with the 


Motion is y defin'd to be, they mote : and, as a body may here be tranſ- 
« tranſlation of a body from one place to a- I fer'd, together with ſuch as are near it; 
nother : but this tranſlation, ſeems rather | that change of ſituation, which is made 
the eſſect of motion, than motion itſelf, | with regard to bodies at a diftance, may 
Whatever is ſaid to be in motion, may be | be termed common relative motion. In 
conſider d, either with regard to the parts | the laſt place, a body ſuppoſed in motion, 
of immovable and infinite ſpace; to the | may be compar'd with the ſurface of thoſe 
remote bodies that ſurround it; or tothe] bodies, which are very nery near it: and 
ſurface of what is neareſt to it. Now, as the [as in this caſe, the body may have neither 
parts of ſpace are infinite and immovable, | an abſolute, nor a common motion; and, 
and have nothing in common with the al- | what is thus at reft, may, in reality, have 
terations of matter; that change of ſitua - them both; we may call this change of 
tion, which reſpeQs the parts of ſpace, | fituation, proper relative motion, See 
without the leaft regard to the ſurrounding | Clarke Aunot. in Robault. Phyfic. Ed. 3. p. 
bodies, may properly be called abſolute | 36—38. and Nin Princip. Ed. 2. p. 6 
motion. Again, à body, ſaid to be in mo- | 11. 
ion, may be compared with bodies re- Ew 
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dies, many real qualities, and other real accidents, which not only are no modes 
of matter, but real entities diſtin& from it. Now, accident is, by logicians, 
uſed in two ſeveral ſenſes: ſometimes it is oppoſed to the fourth predicable, 
or property, and is then defined, © that which may be preſent or abſent, 
without the deſtruction of the ſubje& :** as a man may be ſick or well, and a 
wall white or black; and yet the one be (till a man, and the other a wall: and 
this, in the ſchools, is called Accidens prædicabile, to diſtinguiſh it from what 
they call Accidens pradicamentale, which is oppoſed to ſubſtance. And, as 
ſubſtance is commonly defined to be a thing, that ſubſiſts of itſelf, and the 
ſulſtratum of accidents ; ſo an accident is ſaid to be id cujus efſe eſt iu e.: and 
therefore Ariſtotle, who uſually calls ſubſtances ſimply 7, entities, moſt 
commonly calls accidents ie ym, entities of entities ; theſe requiring the 
exiſtence of ſome ſubſtance wherein to reſide, as in their ſubje& of inhclion. 
And, becauſe logicians make it the diſcriminating mark of ſubſtance from ac- 
cident, that it cannot exiſt in another thing, as in its ſubject of inheſion, it is 
requiſite to know, that, according to them, a thing is in a ſubje&, which, 
howerer it be in another thing, is not in it as a part, and cannot exiſt ſepa- 
rately from the thing wherein it is: as a white wall is the ſubje& of inhe- 
fion of the whiteneſs we ſee in it 3 which ſame whiteneſs, tho? it be not in 
the wall as a part of it; yet cannot, according to our logicians, exiſt any 
where out of the wall, thoꝰ many other bodies may have the like degree of 
whiteneſs. This premiſed, it will not be hard to diſcover the abſurdity of 
the opinion, juſt mention'd, of real qualities and accidents ; the ſchool- 
doctrine about which, appears to be either unintelligible, or manifeſtly con- 
tradictory. For, ſpeaking in a phyſical ſenſe, if they will not allow theſe ac- 
cidents to be modes of matter, bur entities really diſtin& from it, and, in 
ſome caſes, ſeparable from all matter ; they make them, indeed, accidents 
in name, but repreſent them under ſuch a notion, as belongs only to ſub- 
ſtances : the nature of a ſubſtance conſiſting in this, that it can ſubſiſt of it- 
ſelf, without being in any thing elſe, as in a ſubje& of inheſion: ſo that to 
tell us, a quality, or other accident, may ſubſiſt without a ſubje&, is to al- 
low it the true nature of ſubſtance. Nor could I ever find it intelligibly 
made out, what theſe real qualities are, that they deny to be either matter, 
or modes of matter, or immaterial ſubſtances. When a bowl is in motion or 
at reſt, that motion or reſt, or globular figure of the bowl, is not nothing, 
yet no part of the bowl; whoſe whole ſubſtance would remain, tho' it 
wanted any one of theſe accidents: and to make them real and phyſical enti- 
ties, is, as if, becauſe we may conſider the ſame man fitting, ſtanding, run- 
ning, thirſty, hungry, Cc. we ſhould make each of theſe a diſtin& entity, 
as we give ſome of them diſtin&t names: whereas, the ſubje& of all theſe 
qualities is but the ſame man, conſidered with circumſtances, which may make 
him appear different in one caſe, trom what he appears in another. And, 
we mu 
definitions, does not always infer a diverſity of phyſical entities in the ſub- 
jet 


here obſerve, that not only diverſity of names, but even diverſity of 
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Epicurea, they may not be called the conjuncis of the ſmalleſt parts of matter, Pursics. 
I ſhall not now conſider. But the ſchools teach, that there are in natural bo- * 
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Paysrcs. ject whereto they are attributed. For it happens in many of the phyſical at- 
r tributes of a body, as it doeswhere a man, who is a father, a husband, a mal. 
ter, a prince, &c. may have a peculiar definition in each of theſe capacities; 
and yet the man, conſider'd in himſelf, is but the ſame man, who, in re- 
ſpect of different capacities or relations to other things, is called by diffe- 
rent names, which conclude not ſo many real and diſtinct entities in the 

perſon thus variouſly denominated. 
The relative na» But becauſe this notion may be of great importance to the nature 
3 of qualities; we may farther conſider, that when the ſmith, who firſt 
Nauen, invented locks and keys, had made his firſt lock, it was only a piece of 
iron, contrived into a particular ſhape ; and when, afterwards, he made a 
key to it, that alſo, confider'd in itſelf, was nothing bur a piece of iron of a 
determinate figure; but as theſe two pieces of iron might now be applied 
to one another, after a certain manner; and, as there was a congruity be- 
twixt the wards of the lock, and thoſe of the key, the lock and the key now, 
each of them, obtain*d a new capacity; and it became a principal part of the 
notion and deſcription of a lock, that it was capable of being made to lock 
or unlock, by that other piece of iron we call a key ; and it was look'd upon 
as a peculiar faculty and power in the key, to be fit to open and ſhut the 
lock : and yet, by theſe new attributes there was not added any real or phy- 
ical entity, either to the lock or the key; each of them remaining the ſame 
piece of iron, juſt ſo ſhaped as it was before. And when the ſmith made 
other keys of different ſizes, or with differing wards ; tho' the firſt lock 
could not be opened with any of thoſe keys, yet, that indiſpoſition was 
nothing new in the lock, or diſtin& from the figure it had, before thoſe 
keys were made. To carry this compariſon a. little further: tho' one, 
Who had defined the firſt lock and the firſt key, would have done it 
-by-diſtin& definitions; yet, theſe definitions being given only upon ac- 
count of certain reſpects, which the defined bodies had to one another, 
would not infer, that the two iron inſtruments phyſically differ'd, other- 
wiſe than in the figure, ſize, or contrivance of the iron, whereof each con- 
ſiſted. Thus, why may we not conceive, that as to thoſe qualities which we 
call ſenſible, for inſtance, tho* by virtue of a certain congruity, or incon- 
gruity, in point of figure or texture, or other mechanical properties, to 
our ſenſes, the portions of matter they modify are enabled to produce vari- 
ous effects, upon account whereof bodies are ſaid to be endowed with qua- 
lities ; yet, that they are not, in the bodies endowed with them, any rea], 
.or diſtin& entities, or differing from the matter itſelf, of ſuch a determinate 
' bigneſs, ape, or other mechanical modifications? And thus tho*'the mo- 
.dern goldſmiths and refiners, reckon it amongſt the moſt diſtinguiſhing quali- 
ties of gold, that it is diſſoluble in Aqua regia, whilſt Aqua fortis will not 
work upon it; yet theſe attributes are not, in the gold, any thing diſtin 
from its peculiar texture; nor is the gold we have now of any other nature, 
than it was in Pliny's time, when Aqua fortis and Aqua regia were unknown. 
And if another menſtruum, of which poſſiblyT.am poſſefs'd, ſhould be invent- 
ed to diſſolve pure gold in part, and change it into a different metalline body; 


there 
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there will then ariſe another new property, whereby to diſtinguiſh this from Pursics- 
other metals: yet the nature of gold is not at all different now, from what it 


was before the diſcovery of this laſt menſtruum. "There are bodies neither 
cathartic nor ſudorific, with ſome of which gold being joined, acquires a 
purgative virtue, and with others a power to procure ſweat. Nature her- 
ſelf, ſometimes produces things, that have new relations to others: and art, 
eſpecially if aſſiſted by arr” ah may cauſe ſo many new productions, that 
no man can tell, but the moſt familiar bodies may have multitudes of 
qualities, he dreams not of, which will hardly be imagined real phyſical en- 
tities. Beaten glaſs is commonly reckoned among poiſons ; yet, its de- 
ſtructive faculty, ſuppoſed to be a peculiar entity in the beaten glaſs, is really 
nothing diſtin& from the glaſs itſelf, ſuppoſed of a determinate bigneſs and 
figure of parts, acquir'd by comminution. For theſe glaſſy fragments be- 
ing numerous, rigid, ſmall, and endowed with ſharp points and cutting 
edges, are enabled, by theſe mechanical properties, to wound the tender 
membranes of the ſtomach and guts, and produce all the effects uſually aſcri- 
bed to ſome poiſons : yer, the ſame is found to do no harm, where it is ſo 
finely powdered, as not to wound the inteſtines. Accordingly we ſee, that 
the —— of ſapphires, cryſtals, and rubies, things much harder than 
glaſs, are innocently uſed in cordial compoſitions; being, by grinding, redu- 
ced to a powder too ſubtile to excoriate the ſtomach. Hence the multiplicity 
of qualities in the ſame natural bodies, may proceed from the bare texture, 
and other mechanical affections of their matter: for we muſt conſider each 
body, not barely, as it is in itſelf, an entire and diſtin& portion of matter, 
but as a part of the univerſe ; and, conſequently, placed amongſt a great 
number and variety of other bodies, upon which it may act, and by which it 
may be ated upon ſeveral ways; each whereof, men are apt to fancy a diſtin& 
power or quality in the body, whereby choſe actions, or in which thoſe paſſi- 
ons, are produced. We all know, that the ſun hath a power to harden clay, 
ſoften wax, melt butter, thaw ice, turn water into vapour, make air ex- 
pand itſelf in weather-glaſſes, contribute to blanch linen, render the white 
Skin of the face ſwarthy, and mowed graſs yellow, to ripen fruit, hatch the 

s of filk-worms, caterpillars, &c. and perform many other things, ſome 

which ſeem contrary to others; yet, theſe are not diſtin& powers or fa- 
culties in the ſun, but only the productions of its heat, diverſified by the 
different textures of the body it chances to work on, and the condition of 
the other ſubſtances concerned in the operation. And therefore, whether 
the ſun, in ſome caſes, has any influence at all diſtin& from its light and heat, 
we ſee that all the phenomena mention'd, are producible by the heat of com- 
mon fire, duly applied and regulated. And, to give an inſtance of another 
kind; having cauſed ſome ſolid balls of iron, skilfully hardened, and 
exquiſitely ſhaped and glazed, to be purpoſely made, each of them proved 
a ſpherical looking-glaſs ; which, placed in the midſt of a room, exhibited 
the images of the ſurrounding objects in a very regular and pleaſing manner; 
yet the globe endow'd with all theſe properties, was but iron reduced by 
the artificer to a ſpherical figure: and numerous ſpecula, may be imme- 
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Pnvsies diately made, by breaking a large drop of quick-filver into ſeveral little ones, 
LYN each of which will ſerve for objects placed near it; and the ſmaller whereof, 


may, With a good microſcope, afford a pleaſant proſpect of the neighbourin 
objects; thoꝰ to reduce a parcel of ſtagnant quick- ſilver into many of theſe little 
ſpherical ſpecula, whoſe properties are ſo differing from thoſe of plain ones, 
there is nothing required, but a ſlight local motion, Which, in the twinkling 
of an eye, changeth the figure of the ſelf-ſame matter. 


Texture another. 4. And ſuppoſing all the univerſe annihilated, except any of the entire 


teuuiſite. 


corpuſcles, above-mention'd, it is hard to ſay, what could be attributed to it, 
beſides matter, motion, reſt, bulk, and ſhape: but there being now actually 
in the univerſe, great multitudes of corpuſcles intermixed with one another, 
there ariſe in every diſtin& portion of matter, which a number of them make 
up, two new accidents; the one whereof more relates to each particular 
corpuſcle, in regard to the ſtable bodies about it, namely, its poſture : bur 
when two or more ſuch bodies are placed by one another, the manner of 
their being ſo placed, may be called their order. And when many corpuſcles 
convene together, ſo as to compoſe any diſtin body, as a ſtone or a metal; 
then, from their other accidents, (or modes) and from theſe two laſt men- 
tioned, there ariſes a certain diſpoſition, or contrivance of parts, in the 
whole, which we call the texture of it. 


Safible qualities. 5, And if we ſhould conceive the univerſe to be annihilated, except one 
my reati%*. ſuch body, ſuppoſe a metal, or aſtone, it were hard to ſhew, that there js, 


faculty and power to work particular things; as gravity has a power to ſtop 
| | the 


phyſically, any thing more in it than matter, and the accidents already men- 
tioned. But now we are to conſider, that there actually are in the world, 
certain ſenſible and rational beings, called men; and the human body, 
having ſeveral of its external parts, as the eye, the ear, Cc. each of a 
diſtin& and peculiar texture, whereby it is capable to receive impreſſions 
from the bodies about it, and, upon that account, called an organ of 


| ſenſe ; we mult obſerve, that theſe ſenſes may be wrought upon by the 


figure, ſhape, motion, and texture of bodies without them, after ſeveral 
ways: ſome of thoſe external bodies being fitted to affect the eye, others 
the ear, others the noſtrils, c. And to theſe operations of the objects on 
the ſenſes, the mind of man, which, upon account of its union with the 


body, perceives them, gives diſtin& names; calling the one light, or colour, 


the other ſound, the third odour, Cc. And becauſe, alſo, each organ of 
ſenſe, as the eye, or the palat, may itſelf be differently affected by exter- 
nal objects, the mind, likewiſe, gives the objects of the ſame ſenſe diſtin& 
appellations ; calling one colour green, another blue ; one taſte ſweet, and 


another bitter, &c. whence men have been induced to frame a long catalogue 
of ſuch things, as, for their relation to our ſenſes, we call ſenſible qualities. 


And, becauſe we have been converſant with them before we had the ule of 


reaſon ; and becauſe the mind of man is inclin'd to conceive almoſtevery thing 


(even privations, as blindneſs, death, &c.) under the notion of a true entity, 
or ſubſtance ; we have been, from our infancy, apt to imagine, that thele 
ſenſible qualities are real beings in the objects they denominate ; and have the 
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the motion of a bullet ſhot upwards, and carry that ſolid globe of matter Pursics. 
towards the center of the earth: whereas, indeed, there is in the body, to N 


which theſe ſenſible qualities are attributed, nothing real and phyſical, but 
the ſize, ſhape, and motion, or reſt, of its component particles, together 
with that texture of the whole, which reſults from their being contrived as 
they are . Nor is it neceſlary they ſhould have in them any thing more, like 
to the ideas they excite in us; thoſe ideas being either the effects of our 
prejudices or inconſiderateneſs, or elſe to be derived from the relation that 
happens betwixt thoſe primary accidents of the ſenſible object, and the pe- 
culiar texture of the organ it affects; as, when a pin, being run into the 
finger, cauſeth pain, there is no diſtin& quality in the pin, anſwerable to 
what we are apt to fancy in pain; but the pin, in itſelf, is only ſlender, tif, 
and ſharp, and by thoſe qualities, happens to make a ſolution of continuity 
in the organ of feeling, upon which, by reaſon of the fabric of the body, 
and the intimate union of the foul with ir, there ariſeth that troubleſome 
kind of perception, which we call pain. | 

6. But here a difficulty will ariſe ; for ſince we explain colours, odours, 
and the like ſenſible qualities, by a relation to our ſenſes 3 it ſeems evident, 
that they have an abſolute being, independent of us : thus ſnow (tor inſtance) 
would be white, and a glowing coal hot, tho" there were no man, or any 
other animal in the world: and it is plain, that bodies do not, by their qua- 


lities alone, affect our ſenſes, but even inanimate things too; as a fire-coal 


will not only burn a man's hand, but would likewiſe heat wax, and thaw ice, 
tho? all the men, and ſenſitive beings in the world, were annihilated. To 
clear this difficulty, I do not ſay, there are no other accidents in bodies, than 
colours, odours, and the like; for it hath already been ſhewn, that there are 
more ſimple and primitive affe&ions of matter, from which theſe ſecondary 
qualities proceed; and that the operations of bodies upon one another, reſult 
from the ſame, we ſhall ſee hereafter. Nor do I ſay, that all qualities of 
bodies are directly ſenſible, but obſerve, that when one body works upon 
another, the knowledge we have of their operation, proceeds either from 
ſome ſenſible quality, or ſome more general affection of matter; as motion, 
reſt, or texture, generated or deſtroy d in one of them: elſe it is hard to 
conceive, how we ſhall come to diſcover what paſſes betwixt them. And we 
muſt not look upon every diſtin& body, that affects the ſenſes, as a bare lump 
of matter of the bigneſs, and external ſhape, it appears; many of them ha- 
ving their parts curiouſly contrived, and moſt of them, perhaps, in motion 
too, Nor muſt we ſuppoſe the univerſe that ſurrounds us, a moveleſs and 
undiſtinguiſh'd heap of matter, but a great engine; which, having either 
no vacuity, or none that is conſiderable betwixt its known parts, the actions 
of particular bodies upon one another, muſt not be barely eſtimated, as if 
two portions of matter, of their bulk and figure, were placed in ſome imagi- 
nary ſpace beyond the world; but as being ſituate in the world, conſtituted 
as it now is, and conſequently as having their action upon each other liable 
to be promoted, hindred, or modified by the actions of other bodies. A 
{mall force apply'd to move the index =o a clock to the figure xii. will make 
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Pursics. the hammer often ſtrike with force againſt the bell, and cauſe much more 
WYN commotion among the wheels and weights, than a far greater force would 
do, if the texture and contrivance of the clock did not largely contribute to 
the production of ſuch an effect. And in agitating water into froth, the 
whiteneſs would never be produced by that motion, were not the ſun, or 
other lucid body, to ſhine upon that aggregate of ſmall bubbles, and en- 
able them confuſedly to reflect numberleſs little, contiguous, lucid images to 
the eye. Thus, giving a concave figure to a large metalline ſpeculum, would 
never enable it to fire wood, and to melt down metals, if the ſun-beams 
were not, by means of that concavity, thrown to a point. And to ſhew, 
by an eminent inſtance, what various, and different effects, the ſame action 
of a natural agent may produce, according to the ſeveral diſpoſitions of the 
bodies it works upon; in two eggs, the one prohfic, the other not, the 
ſenſes can, perhaps, find no difference before incubation ; yet, theſe bodies, 
outwardly alike, ſo differ in the internal diſpoſition of their parts, that if 
both be expoſed to the ſame degree of heat; that heat will change the one 
into a putrid and fetid ſubſtance, and the other into a chick. Farther, I deny 
not, that bodies may be faid to have thoſe qualities, we call ſenſible, tho' 
there were no animals in the world: for a body, in that caſe, may differ. 
from thoſe which are now quite deſtitute of quality, in having ſuch a diſpo- 
ſition of irs conſtituent corpuſcles, that in caſe it were duly apply d to the 
organ of ſenſe of an animal, it would produce ſuch a fenſible quality, which 
a body of another texture would not : thus, if there were no animals, there 
would be no ſuch thing as pain ; yet a pin may, upon account of its figure, 
be fitted to cauſe pain, in caſe it were moved againſt a man's finger; whereas 
a buller, or other blunt body, moved againſt it with no greater force, would 
cauſe no ſuch perception. 'Thus ſnow, tho*, were there no lucid body, 
nor organ of fight in the world, it would exhibit no colour, hath a 
greater diſpoſition than a coal, or ſoot, to reflect light, when the ſun ſhines 
upon all three. And ſo a lute is in tune, whether it be actually plaid upon 
or no, if the ſtrings be all ſo duly ſtretched, that it would appear to be in 
rune, in caſe it were touched. Bur, if a pin ſhould be thruſt into a 
man's finger, both a while before and after his death, tho' the pin be as 
ſharp at one time as at the other, and makes in both caſes a like ſolution of 
continuity; yet, in the former caſe, the action of the pin will produce pain, 
and not in the latter; becauſe in this, the pricked body wants the faculty 
of perception : ſo, were there no ſenſitive beings, thoſe bodies that are now 
the objects of our ſenſes, would be diſpoſed, indeed, to yield colours, taſtes, 
and the like; but actually poſſeſs only thoſe more genneral properties of bo- 
dies, figure, motion, texture, Oc. To illuſtrate this farther : ſuppoſe a man 
ſhould beat a drum at ſome diſtance from the mouth of a cave, conveniently 
ſituated to reflect the ſound of it; tho* men will preſently conclude, that 
cave to have an echo, and be apt to fancy upon that account, ſome real 
property in the place, to which the echo is ſaid to belong; and tho' the 
fame noiſe made in many of the neighbouring places, would not be reflected 
to the ear, and conſequently manifeſt thoſe places to have no echoes ; yet, 
to 
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to ſpeak phyſically,. this peculiar quality or property we fancy in the cave, Pursics- 


is nothing but the hollowneſs of its figure, whereby it is ſo diſpoſed, when 
the air beats againſt it, as to reflect the motion towards the place whence it 
began; for here intervenes only the figure of one body, and the motion of 
another; tho', if a man's ear chance to be in the way of theſe motions of 
the air, forwards and backwards, it gives him a perception of them, which 
he calls ſound : and, becauſe theſe perceptions, which are ſuppoſed to pro- 
ceed from the ſame percuflion of the drum, and thereby of the air, are made 
at diſtin& times one after another; that hollow body, from whence the 
laſt ſound appears to come to the ear, is imagined to have a peculiar faculty, 
upon account whereof we ſay, that ſuch a place hath an echo. And tho” one 
body often ſeems to produce in another ſeveral ſuch qualities as we call ſen- 
ſible, which therefore appear not to require any reference to our ſenſes; I 
conſider, that when one inanimate body works upon another, there is no- 
thing really produced by the agent in the patient, except ſome local motion 
of its parts, or ſome change of texture conſequent upon that motion ; and. 
ſo if the patient comes to have any ſenſible quality, that it had not before, it 
acquires it upon the ſame account with other bodies : and it is but a conſe- 
quent to this mechanical change of texture, that by means of its effects upon 
our organs of ſenſe, we are induced to attribute this or that ſenſible qua- 
lity to it. As incaſe a pin ſhould chance, by ſome inanimate body, to be 
driven againſt a man's finger, that which the agent doth, is but to put a 
ſharp and ſlender body into ſuch a kind of motion; and that which the pin 
doth, is to pierce into the body it meets with, not hard enough to reſiſt its 
motion: ſo that, upon this, there ſhould enſue ſuch a thing as pain, is. 
but a conſequent, that ſuperadds nothing of real to the pin, which occaſions 
that pain. Thus, if a piece of tranſparent ice be, by the fall of ſome hard 
body, broken into a groſs powder that looks whitiſh, the falling body doth 
nothing to the ice, but break it into very ſmall fragments, that lie confuſedly 
upon one another; tho* by reaſon of the tabric of the world, and of our eyes, 
there will, in the light, enſue, upon this comminution, ſuch a kind of plenti- 
ful reflection of the incident rays to our eyes, as we call whiteneſs: and 
when the ſun, by thawing this broken ice, deſtroys the whitenels of that 
portion of matter, and makes it tranſparent, which ic was not before, it. 
only alters the texture of the component parts, by putting them into mo- 
tion, and thereby into a new order; in which, by reaſon of the diſpoſition 
of the pores intercepted betwixt them, they reflect but few of the incident. 
rays of light, and tranſmit the greater part. Thus when a rough piece of 
ſilver is burniſhed, that which is really done, is but the depreſſion of the 
little protuberant parts into one level with the reſt of the ſuperficies ; tho” 
upon this mechanical change of the texture of the ſuperficial parts, we ſay, 
that it hath loſt the quality of roughneſs, and acquir'd that of ſmoothnels, 
becauſe the little extancies, by their figure, before reſiſted, a little, the motion 
of our fingers, and grated upon them, when now the fingers meet with no 
ſuch reſiſtance. It is true, the fire thaws ice, and alſo makes wax flow, and 


enables it to burn a man's hand; yet this doth not neceflarily argue any inhe- 
rent 
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rent quality of heat in it, diſtin from the power it hath of putting the 
ſmall parts of the wax into ſuch, a motion, as makes their agitation ſur- 
mount their coheſion ; which motion, together with their gravity, is e- 
nough to make them, for a ſeaſon, conſtiture a fluid. Aqua fortis, with- 
out any ſenſible heat, will give camphire the form of a liquor diſtin& 
from itfelf ; as a ſtrong fire will, alſo, make camphire fluid. And I know 


a liquor, into which certain bodies being put, when both itſelf and they 


are actually cold, will not only ſpeedily diſſipate many of their parts into 
ſmoak, but leave the reſt black, and burnt almoſt like a coal. So that, 
tho* we ſuppoſe the fire to do no more, than variouſly and briskly agitate 
the inſenſible parts of wax; this may ſuffice to make us think the wax 
endowed with a quality of heat ; becauſe, if ſuch an agitation be greater 
than that of our organs of touch, tis enough to produce in us the ſenſa- 
tion we call heat; which is ſo much a relative to thoſe organs, that we 
ſee the ſame luke-warm water, whoſe corpuſcles are only moderately agi- 
tated by the fire, will appear hot to one hand, if that be very cold, and 
cold to the other, in caſe that be very hot, tho” both of them belong to. the 
ſame man. In ſhorr, if we fancy any two of the bodies about us, to have 
nothing to do with any other body in the univerſe, it is not eaſy to con- 
ceive, either how one can a& upon the other, but by local motion, or 
how by motion it can do any more, than put the parts of the other body 
into motion too, and thereby produce in them a change of ſituation and 
texture, or of ſome other of its mechanical affections: tho* this paſſive 
body, being placed among others, in a world conſtituted as ours is now, 
and being brought to a& upon the moſt curiouſly contriv'd organs of ani- 
mals, may, upon both theſe accounts, exhibit many different phenomena; 
which, tho* we look upon them as diſtinct qualities, are but the effects of the 
univerſal properties of matter; and may be deduced from the ſize, ſhape, 
motion, (or reſt) poſture, order, and the reſulting texture of its inſenſible 
parts. And therefore, tho* for ſhortneſs, I ſhall not ſcruple to uſe the 
word, qualities; ſince it is already generally received, I muſt be underſtood 
to mean it in a ſenſe ſuitable to this doctrine“. 

7. We may next conſider, that men having taken notice of certain acci- 
dents aſſociated in ſome bodies, and other conventions of accidents in 
others, they, for conveniency, and the more expeditious expreſſion of rheir 
conceptions, agreed to diſtinguiſh them into ſeveral ſorts; which they call 
genders, or ſpecies, according as they referred them, either upwards to 
a more comprehenſive ſort of bodies, or downwards to a narrower ſpecies, 
or to individuals. Thus, obſerving many bodies to agree in being fuſible, 
malleable, heavy, &c. they gave to that ſort of body the name of metal; 
which is a genus, in reference to gold, ſilver, lead, and but a ſpecies in 
reference to that ſort of mix'd bodies call'd foſſils; this ſuperior genus 
comprehending both metals, ſtones, and other concretions, though itſelt 


* For a more full account of this mat- | derſtanding, from book 2. ch. 23. to book 
ter, ſee Mr. Locke's Eſſay on human un- 3. ch. 5. 
be 


Forms and Qualities. 


be but a ſpecies in reſpect of mix*d bodies. Now,when a body is referr'd Pay 
to any particular ſpecies ; becauſe men have agreed to ſignify all the eſſen⸗ 


tials requiſite to conſtitute ſuch a body, by one name, moſt writers have been 
apt to think, that, beſides the common matter of all bodies, there is but one 
thing that diſcriminates it from other kinds, and makes it what ir is; and 
this, for brevity-ſake, they call form ; which, becauſe all the qualities, 
and other accidents of the body, muſt depend on it, they alſo imagine to 
be a very ſubſtance, and, indeed, a kind of foul, that, united to the 
groſs matter, with it compoſes a natural body, and acts by the ſeveral 
qualities, to be found therein, which men uſually aſcribe to the creature ſo 
compoſed. But ask a man what gold is, if he cannot ſhew you a piece, 
and tell you this is gold, he will deſcribe it as a body that is extremely 
ponderous, very malleable, ductile, fuſible, yet fixed in the fire, and of a 
yellowiſh colour; and if you offer to pur off to him a piece of braſs for a 
piece of gold, he will preſently refuſe it; and tell you, that, though your 
braſs be colour'd like that, it is not ſo heavy, ſo malleable, nor will, like 
gold, reſiſt the fire, or Aqua fortis, And if you ask men, what they mean 
by a ruby, nitre, or a pearl, they will ſtill make you ſuch anſwers, from 
whence you may clearly perceive, that whatever we talk, in theory, of ſub- 
ſtantial forms, yet that, upon account of which, we really diſtinguiſh 
any one body from another, and refer it to this or that ſpecies of bodies, 
is nothing but an aggregate or convention of ſuch accidents, as moſt men; 
by a kind of agreement, think neceſſary, or ſufficient to make a portion of 
the univerſal matter belong to a determinate genus or ſpecies of natural 
bodies. The maintaining it poſſible to tranſmute the ignobler metals 
into gold, argues, that if a man could bring any parcel of matter to be 
yellow, malleable, ponderous, and to have a concurrence of all thoſe ac-- 
cidents, by which men try true gold from falſe, they would, without 
ſcruple, take ir. for true gold. And, indeed, ſince to every determinate- 
ſpecies of bodies, there belongs more than one quality, there needs no 
more ſufficiently to diſcriminate any one kind of bodies, from all others in 
the world, not of that kind. Tho' ſpheres and parallelopipeds differ but 
in ſhape, yet this difference alone is the ground of ſo many others, that 
Euclid, and other geometricians, have demonſtrated many properties of the 
one, Which in no wiſe belong to the other. And it would be thoughr a 
man's own fault, if he could not diſtinguiſh a needle from a file, or a key 
trom a pair of ſciflars ; tho* theſe being all made of iron, and differing but 
in bigneſs and ſhape, are leſs remarkably unlike, than natural bodies ; the 
moſt part of which differ from each other in many more accidents than 
two. Nor need we think, that qualities being but accidents, they cannot 
be eſſential to a natural body : for accident is ſometimes oppoſed to ſub- 
ſtance, and ſometimes to eſſence ; and tho* an accident can be but acci- 
dental to matter, as it is a ſubſtantial thing, yet it may be eſſential to a par- 
ticular body; as tho* roundneſs is but accidental to braſs, yet it is eſſential to 
a braſs ſphere ; becauſe, tho? the braſs were deſtitute of ſphericity, it would 


ſtill be a corporeal ſubſtance ; yet, without that roundneſs, it could not be 
A. 
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Parses, a ſphere : wherefore, ſince an aggregate of qualities is enough to make the 
portion of matter, wherein it is found, what it is, and denominate it of a 
determinate ſort of bodies; and ſince thoſe qualities themſelves, proceed 
from the more primary and univerſal affections of matter, viz. bulk, ſhape, 
motion, or reſt, and the texture thence reſulting ; why may not the form 
of a body, made up of thoſe qualities, united in one ſubjeR, likewiſe con- 
ſiſt in ſuch a convention of the mechanical properties of matter, as is ne- 
oeſſary to conſtitute a body of that determinate kind > And fo, though I 
ſhall, for brevity-ſake, retain the word form ; yet I would be underſtood 
to mean by it, not a real ſubſtance, diſtin& from matter, but only the 
matter itſelf of a natural body, conſider'd with its peculiar manner of ex- 
iſtence; which, I think, may be properly call'd, either its ſpecifical or 
denominating ſtate, or its eſſential modification; or, to expreſs it in one 
word, its ſtamp : for ſuch a convention of accidents, is ſufficient to per- 
form the offices neceſſarily required in what men call a form; ſince it ren- 
ders the body what it is, making it appertain to a determinate ſpecies, 
and diſcriminating it from all other ſpecies of bodies whatſoever. Ir is, 
I know, ſaid by ſome, that the form kf a body ought to be the principle 
of its operation ; and we ſhall hereafter conſider, in what ſenſe this is to 
be admitted, or rejected. In the mean time, it may ſuffice, that even the 
vulgar philoſophy acknowledges, that natural things, for the moſt part, 
operate by their qualities; and how great the power may ve, which a 
ody can exreciſe by virtue of a ſingle quality, will appear by the various 
effects which fire produces by its heat. And if ſeveral active qualities 
convene in one body, (as that which I mean by form, uſually comprizes 
ſeveral of them) how great things may be thereby performed, might be 
gueſs'd from what we ſee done with ſome engines, by virtue of thoſe 
accidents, the ſhape, ſize, motion, and contrivance of their parts. But, 
beſides ſuch operations, as proceed from the eſſential modification of the 
matter of the body, conſider d as one intire corporeal agent, it may, in 
ſeveral caſes, have other operations, upon account of thoſe particular cor- 
puſcles, which, tho' they concur to compoſe it, and are, in regard of 
the whole, conſider'd but as its parts, may yet retain their own particular 
nature, and many peculiar qualities. 'Thus in a watch, beſides the of- 
fice it performs as ſuch, the ſeveral parts whereof it conſiſts, as the 
ſpring, the wheels, the ſtring, &c. may have each its peculiar bulk, ſhape, 
and other attributes ; upon account of one or more of which, the wheel, 
ſpring, Oc. may do other things, than what it merely performs as a con- 
ſtituent part of the watch. And ſo in the milk of a nurſe, who hath 
taken a potion ſome hours before ſhe gives ſuck ; tho” the corpuſcles of 
the purging medicine appear not, to ſenſe, diſtin from the other parts 
of the milk, which, in far greater numbers, concur with them, to con- 
ſtitute that white liquor; yet theſe purgative particles, that ſeem to be 
bur part of the matter whereof the milk conſiſts, ſo far retain their 
own nature, and qualities, that, being ſucked in with the reſt, by the in- 
fant, they quickly diſcover themſelves by purging him. * 
It 
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8. It remains that we declare, what is to be meant by generation, cor- Paysrcs. 
ruption, and alteration. In order whereto, we may conſider; firſt, that 
there are in the world numberleſs particles of matter, each of which is — W 
too ſmall to be ſingly ſenſible; which, being intire and undivided, muſt 
needs both have its determinate ſhape, and be very ſolid; ſo that, tho? 
it be mentally diviſible, yet, by reaſon of its ſmallneſs, and ſolidity, na- 
ture ſcarce ever actually divides it: and ſuch particles might, in this 
ſenſe, be called minima, or prima naturalia*, Secondly, there are alſo 
multitudes of corpuſcles, which are made from the coalition of ſeveral of 
the former minima naturalia, whoſe bulk is ſo ſmall, and their adheſion fo 
cloſe, that each of theſe little primitve concretions, or cluſters of particles, 
is ſingly below the diſcernment of ſenſe ; and tho* not abſolutely indiviſible 
by nature into the prima naturalia that compoſed it, or, perhaps, into 
other little fragments; yet they very rarely happen to be actually diſſolved, 
or broken; but remain intire in a great variety of ſenſible bodies, and under 
various forms, or diſguizes. Thus, even groſſer and more compound cor- 
puſcles, may have ſuch a permanent texture: for quick- ſilver may be turned 
into a red powder, a malleable body, or a fugitive ſmoak ; and diſguized 
by many other ways, and yet remain true and recoverable mercury. And 
theſe are, as it were, the ſeeds, or immediate principles of many ſorts of 
natural bodies; viz. earth, water, ſalt, &c. and, tho? ſingly inſenſible, they 
become capable, when united, to affe the ſenſe. If good camphire be kept 
a while in pure ſpirit of wine, it will be thereby reduced into ſuch little 
parts, as totally to diſappear in the liquor, without making it leſs clear 
than fair water; yet, if into this mixture, you pour a competent quantity 
of water, in a moment the ſcatter'd corpuſcles of the camphire will, by 
re-uniting themſelves, become white, and viſible, as before. "Thirdly, as 
well each of the minima naturalia, as each of the primary cluſters, having 
its own determinate bulk and ſhape, it muſt always happen, when theſe 
come to adhere to one another, that the ſize, and often, that the figure of 


* « Tt ſeems probable to me,” ſays Sir|* wear away, or break in pieces, the na- 
Iſaac Newton, © that God, in the begin-“ ture of things depending on them 
" ping, formed matter into ſolid, maſly, |** would be changed. Water and earth, 
« hard, impenetrable, moveable particles, | * compoſed of old worn particles, and 
« of ſuch fizes and figures, and with ſuch | * fragments of particles, would not be of 
« other properties, and in ſuch proportion | © the ſame nature and texture now with 
« to ſpace, as moſt conduced to the end] water and earth, compoſed of entire 
« for which he formed them; and that|* particles in the beginning. And therefore, 
a theſe primitive particles, being ſolids, “ that nature may be laſting, the changes of 
* are incomparably harder than any po- corporeal things are to Pe placed onl 
* rous bodies compounded of them; even | © in the various ſeparations, and new of 
* ſo hard, as never to wear, or break in] ſociations and motions of theſe-perma- 
pieces; no ordinary power being able] nent particles; compound bodies being 
to divide what God himſelf —— one] apt to break, not in the midſt of ſolid 
in the ſirſt ereation. While theſe particles. particles, but where theſe particles are 
continue entire, they may compoſe bo- Jaid together, and only touch in a few 
« dies of one and the ſame nature, and| © points.” Newton. Optic. p. 375, 376. 
texture, in all ages: but ſhould they 
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Pars1cs. the corpuſcle, compos'd by their juxta-poſition and coheſion, will be chan- 
ged ; and not ſeldom too, the motion of the one, the other, or both, 
will receive a new tendency, or be alter'd as to its velocity, or other- 
wiſe : and the like will happen, when the corpuſcles, that compoſe a cluſter 
of particles, are disjoined, or part of the little maſs is broken off, And, 
whether any thing of matter be added to a corpuſcle, or taken from it, in 
either caſe the ſize of it muſt neceſſarily be altered, and, for the moſt part, 
the figure will be ſo too; whereby it will both acquire a congruity to the 
pores of ſome bodies, and become unfit for thoſe of others ; and conſequently 

be qualified to operate on ſeveral occaſions, much otherwiſe than before. 
Fourthly, when many of theſe inſenſible corpuſcles come to be aſſociated 
into one viſible body, if moſt of them be put into motion, from what cauſe 
ſoever the motion proceeds, that itſelf may produce great changes, and new 
qualitiesin the body they compoſe: for motion may do this even when it makes 
no viſible alteration in the body; as air put in a current, acquires a new name, 
and is called wind, and, to the touch, appears far colder, than the ſame air, 
not formed into a ſtream; and iron, by being briskly rubbed againſt wood, or 
other iron, hath its ſmall parts ſo agitated, as to feel hot. This motion, alſo, 
frequently makes viſible alterations in the texture of the body, into which it 
is received; for the moved parts always endeavour to communicate their mo- 
tion, or ſome degree of it, to parts, which before were either at reſt, or 
otherwiſe moved ; and, often, the ſame moved parts thereby either disjoin, or 
break ſome of the corpnſcles they hit againſt; and ſo change their bulk, 
or ſhape, or both ; and either drive ſome of them quite our of the body, and, 
perhaps, lodge themſelves in their places, or elſe aſſociate them with others 
anew ; whence it uſually follows, that the texture is, for a while at leaſt, much 
altered. Thus water, by loſing the wonted agitation of its parts, acquires 
the firmneſs aud brittleneſs we find in ice ; and wants much of the tranſpa- 
rency it had when fluid. Thus, alſo, by very hard rubbing two pieces of 
reſinous wood againſt one another, we may make them throw off many of 
their looſer parts into ſteams, and viſible ſmoke; and, if the attrition be 
duly continued, cauſe that commotion ſo to change the texture of the whole, 
as afterwards to turn the ſuperficial parts into a kind of coal. And milk, 
eſpecially in hot weather, will, by the inteſtine languid motions of its parts, 
be, in a ſhort time, turned into a thinner ſort of liquor, and into cream; 
the latter whereof, will, by being barely agitated, ſoon turn into that unctu- 
ous and conſiſtent body we call butter, and into a thin, fluid, and ſour 
liquor. In like manner, tby bruiſing fruit, its texture is commonly ſo 
changed, that the bruiſed part ſoon becomes of a different nature from the 
ſound; and of another colour, taſte, ſmell, and conſiſtence. So that 
local motion hath, of all other affections of matter, the greateſt ſhare in the 
alteration and modification thereof; ſince it is not only the grand efficient 
among ſecond cauſes, but is alſo, frequently, one of the principal things, that 
conſtitutes the form of bodies; as when two ſticks are fired by long and 
vehement attrition, local motion is not only that which kindles the wood, 

and ſo, as an efficient, produces the fire, but that, which principally con- 
| ; curs 
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curs to give the produced ſtream of ſhining matter the name and nature Paysics. 
of flame; and thus it, likewiſe, concurs, to conſtitute all fluid bodies. WYVDE 
Fifthly, Since it is from the ſize, ſhape, and motion of the ſmall parts of matter, 
and the texture that reſults from the manner of their being diſpoſed in any 
body, that the colour, odour, taſte, and other qualities of that body, are to 
be derived ; it will be eaſy to judge ſuch changes poſſible, as may account 
for the generation and corruption of bodies, from the convention, diſſo- 
lution, and the alterations of them, by the tranſpoſition of their conſti- 
tuent particles. | 
And hence will eaſily flow the doctrine of generation, corruption, and al- 
teration. For if in a parcel of matter there happen ſuch a concurrence of 
all thoſe accidents, as men, by tacit agreement, have thought neceſſary and 
ſufficient to conſtitute any one determinate ſpecies of things ; then a body 
belonging to that ſpecies is generated de novo. Not that there is, really, any 
thing ſubſtantial produced, but that thoſe parts of matter, whicſſ, indeed, 
pre-exiſted in other diſpoſitions, are now brought together after a manner, 
requiſite to entitle the body, which reſults from them, to a new denomina- 
tion, and make it appertain to ſuch a determinate ſpecies of natural bodies ; 
ſo that no new ſubſtance is produced in generation, only that, which was 
pre-exiſtent, obtains a new modification, or manner of exiſtence. Thus, 
when the ſpring, wheels, ſtring, balance, index, Cc. neceſſary to a watch, are 
ſet rogether in the order requiſite to make ſuch a little engine as ſhall mark 
the hours, a watch is ſaid to be made; tho* none of the parts are produced 
anew, but till then the divided matter was not contrived and put together, 
in the manner requiſite to conſtitute the thing we call a watch. And fo, 
when ſand and aſhes are well melted together, and ſuffered to cool, there is 
generated, by the colliquation, that ſort of concretion, we call glaſs ; tho? its in- 
gredients were both pre- exiſtent, and do, but by their aſſociation, obtain a new 
manner of exiſting together. And, as a body is ſaid to be generated, when 
it firſt appears clothed with all thoſe qualities, upon account whereof men 
call ſome bodies ſtones, others metals, others ſalts, &c. ſo when a body 
comes to loſe all or any of thoſe accidents that are eſſential, and neceſlary to 
conſtitute ſuch a body, it is then ſaid to be corrupted or deſtroy'd ; and is 
no more a body of that kind, but loſes the title to its former denomination ; 
tho? nothing corporeal or ſubſtantial periſhes in this change, only the eſſen- 
tial modification of the matter is deſtroy d; and tho' the body be {till a body, 
yet it is no longer ſuch a body as before, but periſheth in the capacity of a 
body of that kind. 'Thus, if a ſtone, falling upon a watch, break it to 
pieces; as, When the watch was made, there was no new ſubſtance pro- 
duced, all the material parts being pre-exiſtent ſomewhere or other ; ſo, nor 
the leaſt part of the ſubſtance of the watch is loſt, but only diſplaced and 
ſcattered ; yet that portion of matter ceaſeth to be a watch. Thus, when 
ice comes to be thawed in cloſe veſſels, tho* the corruption be produced only 
(for ought appears) by introducing a new motion and diſpoſition into the 
parts of the frozen water, yet it thereupon ceaſeth to be ice, tho' it remains 


as much water, and, conſequently, as much a body, as before it was frozen, 
f 2 or 
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Paysics. or thawed. 'Theſe, and the like examples, will teach us how to underſtand 
that common axiom of naturaliſts, corruptio unius eſt generatio alterius, & } 


contra ; for, ſince it is acknowledged on all hands, that matter cannot naty- 
rally be annihilated ; and, ſince there are ſome properties, as ſize, ſhape, 
motion, &c. that are inſeparable from the actual parts of matter; ſince alſo 
the coalition of any competent number of theſe parts is ſufficient to conſti- 
rute a natural body, endowed with ſeveral ſenſible qualities; the ſame agents, 
that ſhatter the frame, and deſtroy the texture of one body, will, by ſhuffling 
them together, and diſpoſing them after a new manner, neceſlarily bring 
them to conſtitute ſome new ſort of bodies: as the ſame thing, that, by 
burning, deſtroys wood, turns it into flame, ſoot, and aſhes. Only I doubt, 
whether the axiom holds generally true, if it be meant, that every corrup- 
tion muſt end in the generation of a body, belonging to ſome particular ſpe- 
cies of things, unleſs we take powders and fluid bodies, indefinitely, for ſpe- 
cies of natural bodies; fince it is plain, there are multitudes of vegetables, 
and other concretions, which, when they rot, do not turn into worms, but 
either into ſome ſlimy or watry ſubſtance, or elſe crumble into a kind of 
duſt or powder, which, tho* eſteemed the earth, whereinto rotten bodies 
are, at length, reſolved, is very far from being of an elementary nature, but 
as yet remains a compound body, retaining ſome qualities; whence, often, 
the duſt of one ſort of plant, or animal, differs much from that of another. 
To this account of the corruption of bodies, we may add, that their pu- 
trefaction is but a peculiar kind of {low corruption, which happens to them, 
for the moſt part, by means of the air, or ſome other ambient fluid, pene- 
trating their pores, and, by its agitation, changing the texture, and, perhaps 
too, the figure of the corpuſcles that compoſe them; whence the body, thus 
changed, acquires qualities unſuitable to its former nature, and, generally, 
offenſive to our ſenſes. For I obſerve, that medlars, tho' they acquire, in 
length of time, the colour and ſoftneſs of rotten apples, and other putrefied 
fruit ; yet, becauſe their taſte is not then harſh as before, we call that ripe- 
neſs in them, which otherwiſe we ſhould call rottenneſs. And tho” upon the 
death of a beaſt, we generally call that change, which happens to the fleſh 
or blood, putrefaction; yet we ſay not ſo of what happens to thoſe parts of 
the ſame animal, whereof musk is made, becauſe that has a grateful ſcent. 
And we ſee, that ſome men, who are pleaſed with rotten cheeſe, think it not 
to have degenerated, but to have now attained its beſt ſtate. But as a body 
ſeldom acquires, by generation, no other qualities, than juſt ſuch as are ab- 
ſolutely neceſſary ro rank it in the ſpecies that denominates it ; there are in 
moſt bodies ſeveral other qualities, that may be preſent or abſent without 
eſſentially changing the ſubject: thus water may be clear or muddy, ſweet 
or fetid, and ſtill remain water ; butter may prove white or yellow, ſweet 
or rancid, confiſtent or fluid, and till be butter. Whenever, therefore, 
a parcel of matter acquires or loſes a quality, that is not eſſential to it, that 
acquiſition or loſs is diſtinctly called alteration ; and even generation and 
corruption, according to this doctrine, are but ſeveral kinds of alteration, 


taken in a large ſenſe. 
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hypetheſis; for ſince, according to our doctrine, the world we live in, is 


not a moveleſs or indigeſted maſs of matter, but an engine, wherein the I. 2 


greateſt part of the common matter of all bodies is always in motion; and 
wherein bodies are ſo cloſe ſet by one another, that they have either no va- 
cuities betwixt them, or but fe and very ſmall ones; and fince, according to 
us, the various manner of the coalition of ſeveral corpuſcles into one viſible 
body, is enough to give them a peculiar texture, and thereby fit them to ex- 
hibit many ſenſible qualities, and to become a body, ſometimes of one deno- 
mination, and ſometimes of another; it will naturally follow, that from the 
various occurſions of thoſe innumerable ſwarms of little bodies, that are moved 
about in the world, there muſt be many fitted to ſtick to one another, and 
ſo compoſe coneretions; many disjoined from one another, and agitated 
apart; and multitudes alſo, that will be driven to aſſociate themſelves, now 
with one body, and again with another. And, if we, alſo, conſider on the 
one ſide, that the ſizes of the ſmall particles of matter may be very various, 
and their figures almoſt innumerable ; that if a parcel of matter happen to 


ſtick to one body, it may chance to give it a new quality; and, if it adhere - 


to another, or hit againſt ſome of its parts, conſtitute a body of a new 
kind ; or, if a parcel of matter be ſtruck off from another, it may barely, 
by that, leave it, and itſelf become of a different nature from that it had 
before: if, I ſay, we conſider theſe things, it will not be hard to conceive, 
that there may be an incomprehenſible variety of aſſociations and textures of 
the minute parts of bodies, and conſequently, a vaſt multitude of portions 
of matter endowed with many different qualities deſerving diſtin& appella- 
tions; tho” for want of care and proper words, men have not yet taken fo 
much notice of their leſs obvious varieties, as to ſort them, as they deſerve, 
and give them diſtin& and proper names. So that tho* I would not ſay, any 
thing may immediately be made of every thing, as a gold ring of a wedge 
of gold, or oil, or fire, of water; yet, ſince bodies having but one common 
matter, can be differenced but by accidents, which ſeem, all of them, the 
effects and conſequents of local motion, tis not abſurd to think, that by the 
intervention of ſome very ſmall addition or ſubſtraction of matter, and of an 
orderly ſeries of alterations, gradually diſpoſing the matrer to be cranſmuted, 


almoſt any thing may, at length, be made of any thing; as, tho' out of a 


wedge of gold, one cannot immediately make a ring, yet by either wire- 
drawing that wedge, by degrees, or by melting it, and caſting a little of ir 
into a mould, the thing may be effected. And fo, tho water cannot imme- 
diately be tranſmuted into oil, much leſs into fire, yer if you nouriſh certain 
plants with water alone, till they have aſſimilated a great quantity of it into 
their own nature, you may, by committing this tranſmuted water to diſtil- 
lation, in convenient glaſſes, obtain, beſides other things, much of a true oil, 
and a black combuſtible coal“. 

What 


* Sir Iſaac Neu ten ſeems to be of opinion, | the fineſt of bodies, light.“ The changing 
that even groſs bodies are convertible into | 4 of bodies into light, and lightinto „ 
| > 
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| And here we may take notice of the fertility and extent of the mechanical Pursics 
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What we would prove, is, at length, this; firſt, that the matter of all natural 

' bodies is a ſubſtance extended and impenetrable. That all bodies thus agree- 
9 ing in the ſame common matter, their diſtinction is to be taken from thoſe 
accidents which diverſify it. That motion, not being eſſential to matter, and 
not originally producible. by other accidents, as they are from it, may be 
Jook d upon as the firſt and chief mode or affection of matter. That motion, 
variouſly determined, naturally divides the matter, it belongs to, into actual 
fragments; and this diviſion, obvious experienee manifeſts to have been made 
into parts exceedingly minute, and very often too minute to be ſingly per- 

ceivable by our ſenſes. Whence it neceſſarily follows, that each of theſe 
minute parts, or minima naturalia, (as well as every particular body, made 

up by the coalition of any number of them) muſt have its determinate ſize, 
and ſhape; and that theſe three, bulk, figure, and either motion or reſt, 
are the primary and moſt univerſal modes of the inſenſible parts of matter, 

conſider d each of them apart. That when ſeveral of them are conſider'd 

together, there will neceſſarily follow, both a certain poſition and poſture in 
regard to the horizon, and a certain order before, behind, or a- ſide of one 
another; and when many of theſe ſmall parts convene into one body, from 

their primary affections, and their diſpoſition or contrivance as to poſture 
and order, there reſults what we call the texture of that body. And theſe 

are the affections that belong to a body, conſider'd in itſelf, without relation 
to ſenſitive beings, or to other natural bodies. We would further ſhew, 

that there being men in the world, whoſe organs of ſenſe are ſo differently 
contrived, that one is fitted to receive impreſſions from ſome, and another 
from other ſorts of external objects; the perceptions of theſe impreſſions 
are differently expreſs'd by words, as heat, colour, ſound, odour ; and are 
commonly imagined-to proceed from certain diſtin& and peculiar qualities 
in the external object, bearing a reſemblance to the ideas, which their action 
upon the ſenſes excites in the mind; thoꝰ all theſe ſenſible qualities, and the 
reſt to be met with in the bodies without us, are but the effects or conſe- 
quents of the primary affections of matter, whoſe operations are diverſified 
according to the nature of the organs, or other bodies they affect. That 
when a portion of matter, either by the acceſs or receſs of corpuſcles, or by 
the tranſpoſition of thoſe it conſiſted of before, or by any two or all of theſe 
ways, obtains a concurrence of all the qualities men commonly agree to be 
neceſſary and ſufficient to denominate the body poſſeſs'd of them, a metal, 
a ſtone, or the like, and to rank it in any peculiar and determinate ſpecies 
of bodies ; then a body of that denomination js ſaid to be generated. And 
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4 is,” ſays that great philoſopher, © very fe turns into water by heat; and vapour re- 
* conformable to the courſe of nature, ““ turns into water by cold. Earth by heat 
„ which ſeems delighted with tranſmuts- |** becomes fire, and by cold returns into 
* tions. Water, which is a very fluid,“ earth. Denſe bodies, by fermentation, 
4 taſtleſs ſalt, ſhe changes by heat into |© rarify into ſeveral ſorts of air; and this 
* vapour, which is a ſort of air; and by]“ air, by fermentation, and ſometimes 
© cold into ice, which is a hard, pellucid, “ without it, returns into denſe bodies. 
*6. brittle, fuſible ſtone : and this ſtone re- See Newton, Optic. p. 349, 359. 
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this convention of eſſential accidents being taken together for the ſpecific Pursics. 
difference that conſtitutes the body, and diſcriminates it from all other ſorts, | 
is by one name, becauſe conſider'd as one collective thing, called its form; 

which, conſequently, is but a certain character, or a peculiar ſtate of matter, or 

an efſential modification. Laſtly, we would ſhow, that a body being capable 

of many other qualities, beſides thoſe, whoſe convention is neceſſary to make 

up its form; the acquiſition or loſs of any ſuch quality is termed alteration ; 

as when oil comes to be frozen, change colour, or grow rancid ; but that if 

all, or any of the qualities, reputed eſſential to ſuch a body, come to be loſt 

or deſtroy'd, ſuch a remarkable change is called corruption ; as when oil 

takes fire, the oil is not ſaid to be altered, but corrupted or deſtroy'd, 

and fire generated; and that when the body is flowly corrupted, and thereby 

alſo acquires qualities offenſive to our ſenſes, eſpecially the ſmell and taſte, 

that kind of corruption is called putrefaction: but that nothing ſubſtantial, 

either in this, or any other kind of corruption, is deſtroy'd, only that parti- 

cular connexion of the parts, or manner of their co-exiſtence, upon account 

whereof the matter was term'd a ſtone, or a metal, or belong'd to any 


other determinate ſpecies of bodies. 


| SECT. 


HE origin of forms, tho* thought the nobleſt, hath yet been found 73 4 
one of the moſt perplexed inquiries in philoſophy, eſpecially as mana- d. | 
ged by the ſchools. The ſum of the controverſy betwixt us and them, is, | 
whether the forms ot natural things be, in generation, educed, as they ſpeak, | ; 
out of the power of the matter ; and, whether theſe forms are true ſubſtantial a 


entities, diſtin& from the other ſubſtantial principle of natural bodies, that 
is, matter. The reaſons which move me to embrace the negative, are prin- 
cipally theſe. Firſt, I ice no neceſſity tor admicting any ſuch ſubſtantial forms 
in natural things; matter, and its accidents, being ſufficient to explain as 
much of the phenomena of nacure, as we are likely to underſtand*, In the 
next place, I ſee no uſe of this puzzling doctrine of ſubſtantial forms in natu- 
ral philoſophy ; nor can imagine how particular phenomena ſhould be ex- 
plain'd by a principle, whoſe nature is unknown. And, laſtly, I cannot 
conceive, how forms ſhould be generated, as the peripatetics would have it ; 
nor how the things they aſcribe ro them, are conſiſtent with the principles 
of true philoſophy, or even with what themſelves otherwiſe teach. I know 
the ſchoolmen here take refuge in an obſcure diſtinction, and tell us, that 
the power of matter, with regard to forms, is partly eductive, as the agent 
can make the form out of it, and partly receptive, whereby it can receive 
the form ſo made : but, ſince thoſe who ſay this, will not allow, that the | 

| 

| 


- — - 
- 


form of a generated body was actually pre-exiſtent in its matter, or any where 
elſe, it is hard to conceive how a ſubſtance can be educed out of another 


* Tis Sir Iſaac Neevton's firſt rule in phi- | ſufficient to ſolve the phenomena. New- 
loſophy, that no other cauſes ſhould there- | ton Princip. p. 357+ 
in be admitted, but ſuch as are true, and | Gab 
| U 
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[Parsics. ſubſtance totally diſtin& in nature from it, without being, before ſuch educ- 


tion, actually exiſtent in it. And as for the receptive power of the matter, 
that bur fitting it to receive or lodge a form, when united with it ; how can 
it be intelligibly made appear to contribute to the production of a new ſub. 
ſtance, of a quite different nature from that matter, tho*it harbours it when 
produced? It is plain, that the human body hath a receptive power with 
regard to the human ſoul, which yet themſelves confeſs, both to be a ſub. 
ſtantial form, and not to be educed out of the power of matter. Indeed, if 
they would admit the form of a natural body to be but a more fine and ſubtile 
part of the matter, (as ſpirit of wine is of wine, which, upon the receſs thereof, 
remains no longer wine, but phlegm, or vinegar,) then the eductive power 


of matter might ſignify ſomething : and fo it might, if they would allow 


the form to be but a modification of the matter; for then it would import, 
that the matter may be ſo ordered or diſpoſed by fit agents, as to conſtitute 
a body of a particular ſort, and denomination : as the form of a ſphere may 
be ſaid to lurk potentially in a piece of braſs, becauſe the braſs may, by 
caſting, turning, or otherwiſe, be ſo figur'd, as to become a ſphere. But 
this they will not admit, leſt they ſhould make forms to be bur accidents ; 
tho? it is, for ought I know, as little intelligible, how, what is educed out 
of any matter, without being either pre-exiſtent, or any part of the matter, 
can be a true ſubſtance ; as how that roundneſs which makes a piece of braſs 
become a ſphere, can be a new fubſtance in it. Nor can they admit the 
other way of educing a form out of matter, as ſpirit out of wine, becauſe 
then matter will be corruptible, contrary to their doctrine; and matter and 
form not be two different and ſubſtantial principles, only one and the 
ſame, tho* diverſify*d by firmneſs, groſſneſs, &c. which are but acciden- 
tal differences. I know they ſpeak much of the efficacy of the agent upon 
the matter, in the generation of natural bodies, and tell us ſtrange things of 
his manner of working. But not to ſpend time in examining thoſe obſcure 
niceties ; I anſwer, in ſhort, that ſince the agent, let him be what he will, 
is but a phyſical and finite agent; and fince what way ſoever he works, he 
can do nothing repugnant to the nature of things; the difficulty with me 
will {till remain. For if the form produced in generation be, as they would 
have it, a ſubſtance, not before to be found, out of that portion of matter, 
where with it conſtitutes the generated body; either it muſt be produced 
by refining, or ſubtilizing ſome parts of the matter into form; or elſe, it 
muſt be produced out of nothing ; that is, created. If they allow the firſt, 
then will the form be indeed a ſubſtance, but not, as they hold it, diſtin& 
from matter; ſince matter, however ſubtilized, is matter ſtill; as the fineſt 
ſpirit of wine is as truly a body, as the wine itſelf that yielded it; or as is 
the groſſer phlegm from which it was extracted. Beſides, the Peripatetics 
teach, that the form is not made of any part of the matter: nor, indeed, 
is it conceivable, how a phyſical agent can turn a material into an immate- 
rial ſubſtance ;, eſpecially, matter being, as they themſelves confeſs, as 
well incorruptible, as.ingenerable. But if they will not allow, as they do 
not, that the ſubſtantial form is made of any thing material, -they =_ 
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let me believe it produced out of nothing, till they ſhew how a ſubſtance Phrsics. 1 
can be otherwiſe produced, that exiſted no where before. And, at this bt 


rate, every natural-body, of a ſpecial denomination, as gold, marble, nitre, 
Cc. muſt not be produced barely by generation, but partly by generation, 
and partly by creation. And, ſinee it is confeſs d on all ſides, that no na- 
tural agent can produce the leaſt atom of matter, tis ſtrange they ſhould, 
in generation, allow every phyſical agent the- power of producing a form, 
which, according to them, is not only a ſubſtance, but a far more noble one 
than matter, and, thereby, attribute to the meaneſt creatures that power of 
creating · ſubſtances, which the ancient naturaliſts thought too great to be 
aſcribed to God himſelf; and, therefore, ſome ſchoolmen have derived 
forms immediately from God: but this is not only to deſert Axiſtotle, and 
the Peripatetic philoſophy, which they would ſeem to maintain, but to put 
omnipotence upon working many thouſand miracles every hour, to perform 
that, in a ſupernatural way, which ſeems the moſt familiar effect of nature 
in her ordinary courſe. 4 
And, as the production of forms out of the power of matter, is, for 
theſe reaſons, incomprehenſible to me; ſo thoſe things which the Periparetics 


aſcribe--to their ſubſtantial forms, are ſome of them ſuch, as I cannot re- 


concile to:my-reaſon : for they tell us poſitively, that tkheſe forms are ſub- 
ſtances, yet at the ſame time teach, that they depend upon matter both in 
fieri and eſſe, as they phraſe it; ſo that they cannot ſo much as exiſt out of 
the matter which ſupports them; which is to make them ſubſtances in name, 
and accidents in reality: for, how can one ſubſtance be ſaid to depend upon 
another in fieri, that is not made of any part of it? The very notion of a 
ſubſtance, is, to be a ſelf- ſubſiſting entity, or that which needs no other 
created being to ſupport it, or to make it exiſt, Beſides, as there are but 
two ſorts ef ſubſtances, material and immaterial, a ſubſtantial form muſt 
appertain to one of them; tho* they aſcribe ſuch things to it, as make it 
very unfit to be referred to either. To-all this:I add, that theſe imaginary 
material forms almoſt as much diſturb the doctrine of corruption, as that of 
generation: for if a form be a true ſubſtance, really diſtin& from matter, it 
muſt, as we ſaid, be able to exiſt of itſelf, without any other ſubſtance to 
ſupport it : as, thoſe I reaſon with confeſs, that the ſoul of man ſurvives 
the body, it, before death, inform d: whereas, they will have it, that in 
corruption the form is quite aboliſhed, and utterly periſhes, as not being 
capable of exiſting, ſeparated from the matter, wherero it was united. So 
that here again, what they call a ſubſtance, they make an accident z and 
beſides, contradi& their own vulgar do&rine, that natural things are, upon 
their corruption, reſolved into the firſt matter; fince, at this rate, they 
ſhould ſay, that ſuch things are but partly reſolved into the firſt matter, 
and partly, either into nothing, or into forms; which being as well imma- 
terial-as the ſouls of men, muſt, for ought-appears, be alſo, like the m, ac- 
counted immortal. | 10 

I ſhould now proceed to examine the arguments employ d by the ſchoo 
to prove their ſubſtantial forms ; but becauſe they are rather metaphyſical, 
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Physics. or logical, than grounded upon the principles and phenomena of nature, and. 


reſpect rather words than things, I ſhall, very briefly, anſwer only two or 


three of the moſt plauſible. Firſt, then, they thus argue. Omne comp: /irum: 


ſulſtantiale (it is hard to engliſh ſuch uncouth terms) requirit materiam & 


formam ſubſtantialem, ex quibus componatur : omne corpus naturale eſt compoſitum- 


ſubſtantiale. Ergo, c. Now, for brevity ſake, 1 ſhall here oniy deny tlie 
minor, and delire the propoſers to prove it. For J know no thing in na- 
ture, that is compoſed of matter, and a ſubſtance diſtin& from matter, ex- 
cept man, who alone is made up of an immaterial form, and a human 
body. If it be urged, that then other bodies cannot be properly called 
compofita- ſubſtantialia, I. ſhall, rather than wrangle, give them leave to find 
out ſome other name for other natural things. But then they argue, in the 
next place, that, if there were no ſubſtantial forms, all bodies would be 
but entia per accideus, which is abſurd. To this I anſwer, that in the 
notion many learned men have of an ens per accidens, as being that which, 
conſiſts of thoſe things que non ordinantur ad unum;. tho* we do not admit 
{ſubſtantial forms, yet we need not admit natural bodies to be entia per ac- 
cilens; becauſe in them the ſeveral things that concur to conſtitute the body, 
as matter; . ſhape, ſituation, and motion, ordinantur per je, @ intrinſict, to 
conſtitute one natural body. But if this anſwer. be not ſatisfactory, I add, 
that I am ſollicitous about what nature hath made things in themſelves, not 
what a logician or metaphyſician will call them, in the terms of hisart; it 
being much fitter, in my judgment, to alter words to the nature of things, 
than to affix a wrong nature to things, to accommodate: them to a form of 
words, probably devifed when the things themſelves were unknown, or not 
well underſtood, if thought on. Wherefore, I ſhall further only conſider 
this argument, if there were no ſubſtantial forms, there could be no ſub- 
s ſtantial definitions; but the conſequent is abſurd, ſo, therefore, is the an- 
© tecedent. I reply, that ſince the Peripatetics confeſs the forms of bodies 
to be of themſelves unknown, this argument only concludes, that if we do 
not admit ſome things, that are not in nature, we cannot build our defini- 
tions upon them; nor, indeed, could we, if we ſhould admit ſubſtantial. 
forms, give ſubſtantial definitions of natural things, unleſs we could, alſo, 
define natural bodies by things that we know not ; for ſuch the ſubſtantial 
forms are confeſs d to be by the wiſeſt Peripatetics, who pretend not to 
give the ſubſtantial definition of any natural compoſition, except man. But 
it may ſuffice us to have, inſtead of ſubſtantial definitions, eſſential ones of 
things; I mean, ſuch as are taken from their eſſential differences, which 
conſtitute them a particular ſort of natural bodies, and diſtinguiſh them 
from all thoſe of any other kind. | 

But for fear arguments of this ſort ſhould not prevail, ſome modern aſſer- 
tors of forms have thought fit to add 2 ones; which may be more to 
our purpoſe here to conſider. Firſt then, among the phyſical arguments, 


brought to prove ſubſtantial forms, the principal is taken from the ſponta- 
neous return of heated water to coldneſs; which effect, ſay they, muſt ne- 
ceflarily be aſcribed to the action of the ſubſtantial form, whole office it is 
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to preſerve the body in its natural ſtate, and, as there is occaſion, to reduce Pursics. 
it thereto: which, indeed, might ſeem plauſible, if we were ſure that he- 

ted water would grow cold again, without the loſs of any parts more agi- | 
tated than the reſt, ſuppoſing it to be-removed into ſome of the imaginary 
ſpaces beyond the world; but as the caſe is, I ſee no neceſſity of flying to 
a ſubſtantial form: for the water we heat, is ſurrounded with our air, ſome 
veſſel, or other body contiguous to the air; and both the air and water 
in our climate, are moſt.commonly leſs agitated, than the animal juices in our 
hands, or other organs of touch; which makes us call thoſe fluids cold. 
Now, when the water is expoſed to the fire, it is thereby put into a new 
agitation, more vehement than that of the parts of our organs ; but when 
the liquor is removed from the fire, this acquired agitation muſt be gradually 
loſt, either by the avolation of ſuch fiery corpuſcles, as the Epicureans ima- 
gine to get into heated water, or by its communicating the agitation of its 
parts to the contiguous air, or to the containing veſſel, till it have loſt its 
additional motion, or by the entrance of thoſe frigorifie atoms, where with 
(if any ſuch be granted) the air in theſe climates abounds, and ſo be re- 
duced to its former temperature: which may as well happen without a 
ſubſtantial form, as, it a ſhip ſailing ſlowly down a river, ſhould, by a 
ſudden guſt of wind, blowing with the ſtream, be driven on much faſter 
than before; for the veſſel, upon the wind's ceaſing, would, without any ſuch 
internal principle, ſoon return to its former ſlowneſs of motion. So that in 
this phenomenon, we need not have recourſe to an internal principle ; the 
temperature of the external air, being ſufficient to ſolve it. And, if water 
be kept in the upper part of a houſe, where the climate is hot, it will, in 
ſpite of the form, continue far leſs cold, all the ſummer long, than, accor- 
ding to the Peripatetics, its nature requires. And, by the doctrine of forms, 
the fluidity of water muſt proceed as much from its form, as the coldneſs ; 
and yet this ſo far depends upon the temperature of the air, that in Nova 
Zembla, vaſt quantities of water are kept in ſolid ice, all the year long, not- 
withſtanding the power of a ſubſtantial form to preſerve it fluid ; which it 
will never be made, unleſs by ſuch a temperature of the air, as would itſelf, 
for ought appears, make it flow again, tho' there were no ſubſtantial form 
in nature. 

Another argument is, that matter being indifferent to one ſort of acci- 
dents as well as another, it is neceſſary there ſhould be a ſubſtantial form, 
to keep thoſe accidents, which are ſaid to conſtitute it, united with the 
matter they belong to, and preſerve both them and the body in their natu- 
ral ſtate; for, ſince it is confeſs d, that matter hath no appetite to theſe ac- 
cidents more than to any others, they demand how, without a ſubſtantial 
form, theſe accidents can be contained and preſerved? To this, it might 
be ſufficient to object, that the common notions of the natural and preter- 
natural ſtate of bodies, are falſe or ill grounded : but to come cloſe to the 
argument, I anſwer, that the accidents ſpoken of, are introduced into the 
matter by the agents or efficient cauſes, whatever they be, producing in it, 
what we call an eſſential form. And —_ accidents, being once thus in- 
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ASWVV preſerve them there; ſince, by the general law, or common courſe of nature, 


the mattter qualify'd by them, muſt continue in the ſtate wherein ſuch 
accidents have put it, till by ſome agent or other; it be forced out of it, and 
ſo diveſted of thoſe accidents-: thus in a braſs ſphere; when once the motiog 
of tools, impell'd and guided by the-artificer, hath turned a piece of that 
metal to a globe, there needs no new ſubſtance to preſerve that round fi- 


gure; ſincethe-braſs muſt retain it, till it be-deſtroy-d by the artificer himſelf, 


or ſome other agent, able to overcome the reſiſtance. of the matter to be 
put into another figure. And as, when there is no competent deſtructixe 


cauſe, the accidents of a body will, by the law of nature, remain ſuch as 


they were; ſo if there be, it cannot be pretended, that the ſubſtantial 
form is able to preſerve all thoſe accidents of a body that are ſaid to flow 
from it, and to be, as it were, under its care and tuition. If, for inſtance, 
you expoſe a ſphere, or bullet of lead, to a ſtrong fire, it will quickly loſe, 
its coldneſs, conſiſtence, malleableneſs, colour, flexibility, and ſome other 
qualities; and all this, in ſpite of any imaginary. ſubſtantial form. And 
tho” upon taking lead from the fire, it is reduced to moſt of its former qua- 
lities, yet, that may well be aſcribed to its peculiar texture, and the cold- 
neſs of- the ambient air, according to what was faid of water, . heated and 
cooled; which temperature of the-air-is an external thing to the lead: and, 
indeed, it is but accidental; that the lead, upon refrigeration, regains its 
former qualities; for; by being-expoſed long enough to an intenſe fire, it 
will be turned inte glaſs, and loſe its colour, opacity, malleableneſs, and 


flexibility, and acquire a reddiſhneſs, a degree of tranſparency, a brittle- 


neſs, and ſome other qualities, that it had not before. And let the ſuppoſed 
ſubſtantial form do what it can, even when the veſſel is removed from the 
fire, to reduce or reſtore the body to its natural ſtate and accidents ; yet 
the former qualities will continue loſt, as long as theſe preternatural ones, 
introduced by the fre, continue in the matter; and, neither the one will be 
reſtored, nor the other deſtroy'd, till ſome ſufficiently powerful external 
agent effect the change. 

It is, likewiſe, urged, that no reaſon can be aſſign'd, why whiteneſs 
ſhould be ſeparable trom a wall, and not from ſnow, or milk ; unleſs we 
have recourſe to ſubſtantial forms. But in caſe men have agreed to call a 
thing by ſuch a name, becauſe it hath ſuch a particular quality that di- 
ſtinguiſhes it from others, we need go no farther to find a reaſon, why one 
quality is eſſential to one thing, and not to another. Thus in a braſs ſphere, 
the figure · is that for which we give it the name : and, therefore, tho* you 
may alter the figure of the matter, yet by. that very alteration, the body 
periſhes in the capacity of a ſphere; tho* its coldneſs may be exchanged for 
heat, without making it the leſs a ſphere, becauſe it is not for any ſuch 
quality, but for roundneſs, that a body is called a ſphere. And fo firmneſs 
is an inſeparable quality of ice, tho” a particular figure be. not; becauſe it 
is for want gf. fluidity, that we call any thing ice, which was immediately 
before a li or: . accordingly, tho' whiteneſs. were inſeparable from 
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ſhow and milk, yet, this would not neceſſarily infer, that there muſt be 


ſubſtantial form to make it ſo ; for the firmneſs of the corpuicles that cur 


poſe ſnow, is as inſeparable from it, as the whiteneſs ; and yet it is not 
pretended to be the effect of the ſubſtantial form of the water, but of the 
exceſs of the coldneſs of the air, which puts the water out of its natural 
ſtate of fluidity, and into a preternatural one of firmnels and brittleneſs. 
And the reaſon why ſnow. ſeldom loſes its whiteneſs, but with its nature, 
ſeems to be, that its component particles are ſo diſpoſed, that the ſame 
heat of the ambient air, which is fit to turn it into a tranſparent body, is 
alſo fit to make it fluid; which, when it is become, we no longer call it 
ſnow, but water : ſo that. the, water loſes its whiteneſs, tho* the ſnow do 
not. But if there be a cauſe proper to make a convenient alteration of 
texture in the ſnow, without melting or reſolving it into water, it may then 
exchange its whiteneſs for. yellowneſs, without loſing its right to be called 
ſnow; as an eminent writer relates, that in the northern regions, towards 
the pole, thoſe parcels of ſnow, that have lain very long on the ground, 
degenerate, in time, into a yellowiſn colour, very different ſrom that pure 
whiteneſs to be obſerved in the neighbouring ſnow lately fallen. 

But there yet remains an argument for ſubſtantial forms, taken from a. 
ſuppoſed neceſſity there is of thence deriving all the various changes 


to. which bodies are ſubject, the different effects they produce, the pre- 
ſervation and reſtitution of the ſtate requiſite to each particular body, 
and, the keeping of its ſeveral parts united into one whole. In anſwer to 


this, we might ſay, that many great alterations may happen to. bodies, 
which ſeem manifeſtly to proceed from their peculiar texture, and the action 
of · out ward agents upon them, and of which it cannot be ſhewn,. that they 
would happen otherwiſe, tho” there were no ſubſtantial forms in being: as 
we ſee that tallow, melted by the fire, loſes its coldneſs, its firmneſs, aud. its 
whiteneſs, and acquires heat, fluidity, and ſome tranſparency ; but being 
ſuffered ro cool, it preſently exchanges theſe for. the former qualities ; yer 
ſeveral of thoſe changes are plainly the effects of the fire, and the ambient 
air, not of-any ſubſtantial form: and it is evident, that fire effects a great 
variety of changes in qualities, and produces new ones, by its heat, that is, 
by a modified local motion. I conſider farther, that various operations of 
a body may be derived from the peculiar texture of the whole, and the 
mechanical properties of the particular corpuſcles, or other parts that com- 
poſe it. And to the pretence, that a ſubſtantial form is requiſite to keep, 
the parts of a body united, without which it would not be one-entire body; 
Lanſwer, that the contrivance of parts conveniently figured, and, in ſome 
caſes, their juxta-poſition may, without. the aſſiſtance of a ſubſtantial 
form, be ſufficient. A pear graffed upon a thorn, or a plumb inoculated 
upen an apricock; will bear good fruit, and grow up. with the ſtock, 
as if they both made but one tree, and were animated by the ſame com- 
mon form; tho? both the ſtock; and the inoculated plant, have each its own 
form, as may appear by the different leaves, fruits, and ſeeds they bear. 


And even vegetation, and the diſtribution of aliments, are, in ſuch ca 
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well made, tho the nouriſhed parts of the total plant, have not one com- 
mon ſoul or form; which is yet more remarkable in miſletoe, growing upon 
old hazle-trees, crab-trees, Qc. in which the miſletoe often differs very 
widely from that kind of plant on which it thrives and proſpers. And for 
the durableneſs of the union betwixt bodies, that a ſubſtantial form is not 
requiſite to procure it, I have been induced to think by conſidering, that 


ſilver and gold, being barely mixed by fuſion, will have their minute parts 


more cloſely united, than thoſe of any plant or animal we know of. And 
chere is ſearce any natural body, wherein the form makes ſo ſtrict, durable, 
and indifloluble an union of the parts it conſiſts of, as that, which in the 
factit ious concrete, we call glaſs, ariſes from the bare commixture of the 
corpulcles of ſand, with thoſe ſaline ones, wherewith they are melted by 
the violence of the fire: and the like may be ſaid of the union of the proper 
accidents of glaſs with the matter of it, and betwixt one another. 

It is {till farther alledg'd in behalf of ſubſtantial forms, that theſe being 
in natural bodies, the true principles of their properties, and conſequently 
of their operations, that natural philoſophy muſt needs be very imperfect, 
which reje&s them. But, if there were, in every natural body, ſuch a thing 
as a ſubſtantial form, from which all its properties and qualities immediately 
flow; ſince we ſee, that the actions of bodies upon one another, are imme- 
diately performed by their qualities or accidents ; it would ſcarce be poſſible 
to ſolve many of the explicable phenomena of nature, without having re- 
courſe tothem : and it would be ſtrange, if many of the abſtruſer pheno- 
mena were not explicable by them only. Yet, indeed, almoſt all the ra- 
tional accounts to be met with of difficult phenomena, are given by ſuch, 


as either do not acknowledge, or, at leaſt, do not take notice of ſubſtantial 
forms. And, it is evident, by the clear ſolutions of many phenomena in 
ſtatics, and other parts of mechanics, and eſpecially in hydroſtatics, and 
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pneumatics, that they may be ſatisfactorily ſolved without employing a ſub- 
ſrancial form. On the other ſide, I do not remember, that either Ariſtotle 
himſelf, or any of his followers, have given an intelligible ſolution of any 
one phenomenon of nature, by the help of ſubſtantial forms: and as their 
nature is unknown to us, to explain any effe& by them, muſt be to declare 
z gnotum per ignotius, or, at leaſt, per æque ignotum. For to ſay, that ſuch an 
effect proceeds not from a particular quality of the agent, but from its ſub- 
ſtantial form, is to take an eaſy way to ſolve all difficulties in general, with- 


out rightly reſolving any one in particular; and would make a rare philoſo- 


* 


phy, if it were as ſatisfactory as it is eaſy. If it be demanded, why jet 
attracts ſtraws, rhubarb purges choler, ſnow dazles the eyes rather than 
graſs, Oc. to anſwer, that theſe, and the like effects, are performed by 
the ſubſtantial forms of the reſpective bodies, is, at beſt, but to ſay, what 
is the agent, not how the effect is wrought; and ſeems to be ſuch a kind 
of- general anſwer, as leaves the enquirer as much at a loſs for the cauſes and 


manner of particulars, as men commonly are for the particular cauſes of 


the ſeveral ſtrange things performed by witchcraft, when told, that ſome 
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| In ſhort, the form of a natural body, being, according to us, but an Pursics 
eſſential modification, and, as it were, the ſtamp of its matter, or ſuch aa 


convention of the magnitude, ſhape, motion or reſt, ſituation, and con- 
texture, of the ſmall parts that compoſe it, as is neceſſary to conſtitute, and 
denominate it a particular body ; and all theſe-accidents being producible in 
matter by local motion ; we may well ſay, that the firſt and univerſal, tho? 
not immediate cauſe of forms, is no other than God, who put matter into 
motion, eſtabliſhed its laws among bodies, and alſo, guided it in ſeveral 
caſes, at the beginning of things.;. and, that among ſecond cauſes, the: 
grand efficient of forms, is local motion; which, by variouſly dividing, 
{equeſtring, tranſpoſing, and connecting the parts of matter, produces in 
them thoſe accidents and qualities, upon account whereof, the portion of 
matter they diverſify, belongs to a determinate ſpecies of natural bodies : 
yet this is not ſo to be underſtood, as if motion were only an efficient cauſe: 
in the generation of bodies; for *tis alſo frequently one of the chief accidents, 
as in water, fire, &c. that concur to make up the form“. 


SECT. III. 


OME late writers, as particularly Sennertus, teach that, beſides the n. 4:&rine of 
ſpecific form in plants and animals, there reſide, and eſpecially in ſome fovinate, 1 


determinate parts of them, certain other forms, proper to thoſe parts, but 
fo ſubjeaed to the predominant form, as to deſerve the title of ſubordinate; 
being, during the reign of the ſpecific form, ſubſervient to it; tho* when 
the ſpecific form comes to be aboliſhed, theſe ſubordinate forms may ſer up 
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Pays1cs. for themſelves ; and, in reference to thole parts of matter they belong to, 
c exerciſe the functions of ſpecific forms: as in a dog or a horſe, beſides 
. the ſenſitive ſoul; which is the ſpecific form of the whole creature, the fleſh, 

blood, and bones have their diſtin& forms appertaining to them, tho' they 
are ruled and employed by the ſoul, but as the matter which ſhe ani mates 
and informs: and, when by death, the ſenſitive ſoul or-ſpecific form is de- 

poſed or aboliſhed, the body is not preſently reſolved into the four ele- 
ments, but:thoſe ſubordinate forms ſtill preſerve the flefh in the ſtate of 
fleſh, and the bone in the ſtate of bone ; the one for a little, and the other 
for a much longer time. And this doctrine is urged from the ſpecitic vir- 
tues obſervable in gathered plants; as the purgative faculty of rhubarb, ſena, 
and other cathartic vegetables, when they are deprived of the life they 

..enjoy'd as plants. But it were not difficult to propoſe-experiments, which 

- would determine this matter otherwiſe, were it important enough to de- 
ſerve it. However, this doctrine of ſubordinate forms aftords ſuch coun- 

tenance to that of ſubſtantial ones, that the nature of our preſent diſcourſe 

Forbids us to leave it untouch'd ; tho? I ſhall not pretend to give a full and 
ſatisfactory account of ſo perplexed and abſtruſe a matter; it may be ſuffi- 
cient, if I at preſent ſhew, that ſubordinate forms are explicable upon other 
principles. 

And, 1. The name form, is a technical word, and not ſo well defined as 
were to be wiſned. But without injury to the more uſual notion of it, ve 
may obſerve that it is commonly ſome one, or a few conſiderable things, or 

conſpicuous phenomenon exhibited, or ſome peculiar operation performed 
by it, or ſome particular: uſe, to which it is applicable, upon account whereof 
form is attributed to a particular natural body; and only upon the receſs or 
abolition hereof, it is ſaid to loſe its form, or denomination. 2+ The bodies, 
ſuppoſed endowed with ſubordinate forms, are, generally, either of the 
vegetable or animal kind; and, conſequently, being of a very compound 
nature, conſiſt of parts not all of the ſame ſpecies: this is evident in bones, 

which tho entitled ſimilar parts, by diſtillation afford ſalt, oil, phlegm, 
ſpirit, and aſhes. And vitriol, tho? ſimilar as to ſenſe, may be artificially 
produeed, by -uniting the metalline particles of iron or-copper, with the 
ſaline corpuſcles of diſtill'd ſalt or nitre. This inſtance I chuſe the rather, 
becauſe the patrons of ſubordinate forms ſeem, by them, to account for 
what happens in vegetables and animals, when the ultimate form is 
- aboliſhed or expelled: tho“ I ſee not, why we may not alſo attribute ſub- 
ordinate forms to feveral inanimate bodies. To illuſtrate this matter, let 
us borrow an example from rhubarb, the purgative faculty whereof is 
affirmed to proceed from a ſubſtantial form; which virtue, whilſt the rhu- 
barb grew in the ground, proceeded, as they teach us, from the ſpecific 
form. Now if from the ſame rhubarb, we, by a convenient menſtruum, ex- 
tract, together with the finer parts of the body, all the purgative virtue, 
(Which may eaſily be done) why may not the remaining rhubarb, which 
will retain ſeveral of its former qualities, have a peeuliar form, diſtinct from 
that which the ſchools call, forma miſtionis, to which thoſe qualities a 
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be attributed, and which, conſequently, may be look'd upon as a ſubordinate Paysrcs. 
form, with regard to that, which the entire, tho* inanimate rhubarb had before. . 


An olive, or almond, when gathered, ceaſes to be animated by the vegetative ſoul 
of the tree, yet, on account of its ſubordinate form, retains the ſame ſhape, 
colour, &c. as before, by virtue of which form, it may be preſerved ſound fer 
a whole year, or, perhaps, much longer : ſo, by cruſhing the pulp of the olive, 
an oil may be ſqueezed out, endowed with noble qualities, and capable of 
preſerving itſelf for ſeveral years. Now, I ſee not, why the form of this oil, 
from whence its qualities flow, may not be looked upon, as having been, 
whilſt the liquor made a part of the olive, a ſubordinate form to that of the 
entire fruit. But to make this out by clearer examples; nature, in ſulphur 
vive, has united under one form, two bodies of very different kinds, the one 
readily inflammable, and the other a great reſiſter of fire ; yet theſe two are 
eaſily ſeparable, as appears by burning ſulphur under a glaſs-bell. Again, 
in 425 cinnabar, under the form of a mineral ſtone, nature has ranged 
three, if not more, complete bodies, which have, each of them, its own 
diſtinct form, and that exceeding different from the others; as appears 
when theſe bodies are skilfully ſeparated: for thence may be obtain'd a 
running mercury, an inflammable ſulphur, and a concrete, whoſe properties 
we are not ſo well acquainted with. Now, if it be ſaid, that theſe forms 
are not ſubordinate, but co-ordinate, it lies upon the objectors to prove it, 
who, perhaps, will find it no eaſy matter to ſnew, that the ſame ingredient, 
ſulphur, for inſtance, is not as much ſubjugated by the form of the entire 
body, as that of the purgative portion of rhubarb, by the form of that 
drug. 3. All the different bodies, whereof, as parts, or ingredients, a com- 
pound is made up, are, by virtue of the compoſition and peculiar fabric 
thereof, ſo put together, that they concur to thoſe actions or operations, 
which being proper to the body, are therefore preſumed to flow imme- 
diately from the form of it. For inſtance, in gun- powder, three ingredi- 
ents, upon a very ſlight mixture, produce, by a concurrent action, thoſe 
wonderful effects, that are ſcarce to be match'd in nature; and which really 
reſult from the proportion of the ingredients, and the manner of their mix- 
ture. 4. Tho” the ſeveral parts, whereof the compound conſiſts, do, in 
the proper actions of that body, jointly concur to perform them, yet theſe 
thus conſpiring bodies, may, each of them, retain thoſe properties which 
made it a diſtin& natural body before it came to be aſſociated with the others, 
wherewith it makes up a more compound body. 

5. And here it may be proper to obſerve, that the more conſiderate ſchool- 
men, teach what very well agrees with the doctrine of ſubordinate forms. 
For when, in the generation of man, they tell us, that the embryo lives the 
life of a plant, and of an animal, before he attains to live the life of a man, 
it is plain, that, upon the introduction of the rational ſoul, the vegetative 
and ſenſitive ſouls, that before ſucceſſively inform'd the embryo, do ſo no 
more ; the additional human ſoul now becoming the true form of the human 
body. And theſe pre-exiſtent ſouls are not aboliſhed, and loſe their being, 
but only their office, which, at firſt, was to inform the body of the embryo, 
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nis conſideration ſeems to admit, in many natural bodies, forms, that diſpoſe 


the matter they modify, for the reception of a nobler ſtamp, and may, there. 
fore, be call'd preparatory forms, to diſtinguiſh them from thoſe more noted 
forms, which the ſchools uſually rerm ſpecific ; as in the embryo, the vege. 
tative and the ſenſitive ſoul, is but preparatory to the rational, which, alone, 
is ſaid to be the ſpecific form of man. But here I would not be thought to 
adopt all thoſe opinions, upon which I think it allowable to argue againſt 
ſuch as own them. For I take the difference between animating and natural 
forms to be ſo wide, that there is no juſt arguing in phyſical matters from 
one to the other. But whether in living creatures, the ſoul be always the 
true form, to all the intents and purpoſes the vulgar philoſophers would 
have it, I ſhallnot here determine; nor whether, upon the ſupervention of 
an ultimate or ſpecific form, the forms, which thereby become ſubordinate, 
make but a part of the matter informed by the new one. They may, indeed, 
qualify the ſeveral portions of matter whereto they belong, to be fitter 
ſubjects or receptacles for the ultimate form; and there may be a neceſſity for 
ſuch previous diſpoſitions in the ſubject, becauſe the compound body is of 
ſuch a nature, that no other bodies, but what are peculiarly qualified, haye 
a fitneſs to compoſe it. But it ſeems hard to conceive, how a ſubſtance 
diſtin& from matter, can properly be ſaid to have its capacity confounded 
with that of matter. And, notwithſtanding the diſtinction berwixt ſpecific 
and preparatory forms, the latter ſeem as true forms, whilſt they are pre- 
dominant, as the ſpecific themſelves. For bodies are what they are, by the 
matter and modification which, for the preſent, conſtitute them, whaterer 
they may afterwards prove: and it is not eſſential to the form, ſaid to be 
ee that it is to be ſucceeded by another, ſaid to be more noble. A 

pring of ſteel, is a true and perfect ſpring, before it is made a part of a 


Watch; and, by becoming ſo, it is not really bettered in its nature, tho 


it be thereby made more uſeful to man. | 
6. It will not be amiſs to make ſome diſtinction between ſubordinate 
forms ; there being one ſort of them, which may deſerve a peculiar name. 
For in men, horſes, ſheep, and other perfect animals, there are ſeveral parts, 
eſpecially thoſe that phyſicians call ſimilar, 'in oppoſition to organical ones, 
ſuch as bones, figaments, membranes, which ſeem evidently to challenge 
peculiar and diſtin& forms: for the diverſity of their nature being very 
manifeſt, often perſevering a great while after death; thoſe, who allow 1 
natural body to be what it is upon account of its form, cannot well deny 
diſtinct forms to theſe ſo diſtin bodies; which, becauſe the bodies they 
conſtitute, are the parts of a human body, ſome fchool-men have called 
partial forms. 45 

7. Among the conſtituent parts of an animal or plant, there may lurk 
ſome ſeminal principles, or rudiments, that is, ſmall parcels of matter of 
ſuch a texture, that, tho' whilſt they remain aſſociated with the other parts 


ol the compound body, they are not, by ſenſe, diſtinguiſhable from the ret; 


yet, when it comes to have its predominant form aboliſhed, theſe ſeminal 
| prin- 
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principles or rudiments being ſet at liberty, and aſſiſted by external heat, Pursics. 
and the ſoftneſs which uſually attends corrupting bodies, and, perhaps, b 


alucky concourſe of other circumſtances, may fall to act according totheir 
own nature, and generate inſe&s, moſs, &c. | 

8. We may add, that when the ſpecific form of a body is deſtroy'd, the 
change 1s not often ſo great, as vulgar philoſophers imagine. The corruption 
of an animal, or other body, ought not to be looked upon, as happening 
in an empty ſpace beyond the univerſe, but in our ſyſtem, where being de- 
prived of its pecific form, tis ſubject to be ated upon by the ſun, the air, 
and many powerful agents ; by whoſe various concourſe with, and operations 
upon it, either the late pre-exiſtent forms may be aſſiſted to ſer up tor them- 
ſelves, or new forms reſult from new aſſociations and contextures of the 
particles, which compoſed the body, now deſtitute of its principal, or ſo- 


rereign form. 


Thus much being premiſed, let us try whether the corpuſcular phi- 
loſophy, according to which we have hitherto diſcourſed of forms, will not 
ſolve the phenomena, mention'd by Sennertus, better than his hypotheſis. 
[allow him to have rightly aſſerted, that in a plant or animal, there is ſome- 
thing beſides the bare materia prima, and the vegetative or ſenſitive ſoul, with 
itseflential faculties. And that in ſome parts of ſuch bodies, there may lurk 
peculiar forms, which, when the life of the plant or animal determines, 
come to diſcloſe themſelves, ſeems probable, from the inſtances of the ſpe- 
cific virtue, ſurviving in gather'd plants. It is probable too, what Sennertus 
teaches, that chis purging property in rhubarb, ſena, &c. as it does not flow 
from the vital ſoul of the plant, which is already deſtroy d; ſo it does not 
proceedbarely from the form of a mere mixed body : for it is no way likely, 


that ſo great a variety of ſpecific properties, wherewith roots plucked out 


of the ground, and fruits torn from the tree, are endowed, ſhould proceed 
merely from that general form, which belongs, in common, to compound bo- 


dies, as ſuch. But tho? there are ſome parts of this doctrine of ſubordinate 


forms, wherein I diſſent not; yet, there are others, where with I muſt confeſs 


© myſelf unſatisfied. We are taught, indeed, that the ſpecific form of a body 
commands all the ſubordinate forms; but I do not readily conceive, which 

& way this dominion, attributed to the ſpecific form, is exerciſed ; nor ſee any 
© neceſſity of admitting ſuch a power in that form; or that the portions of 
© matter, endowed with thoſe forms, ſaid to be ſubordinate, can, being under 
the degrees of ſouls, and, conſequently, unfurniſhed with knowledge and 
© will, ſhew this preſumed ſuperintendent form any other obedience, than 


ſuch as the parts of a clock or engine may be ſaid to yield to one another. 


I ſhould, therefore, rather conceive, that when ſeveral bodies of differi 

© Natures are aſſociated, to compoſe a body of one denomination, tho* eac 
of them be ſuppoſed to a& according to its own peculiar nature ; yet, by 

; reaſon of the coaptation of the parts, and the contrivance of the com- 

pound body, it muſt often happen, that the action, or effect produced, will 


be of a mixed nature, and di t from that, which ſeveral of the parts, 


conſider d as diſtin& bodies, or agents, tended to, or would have per- 
2 


formed, 
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Pnrsics. formed. Thus, in a balance, by putting a weight into one of the ſcales 
LY VV the oppoſite, tho', as a heavy body, it has a natural tendency down. 

wards, will, by virtue of the fabric of the inſtrument, mount upwards. $, 
that thoſe actions, which Sennertus, and others, attribute to the conſpiring of 
ſubordinate forms, to aſſiſt the ſpecific and preſiding form, we take to be 
but the reſulting actions of ſeveral bodies, which, aſſociated together, are 
thereby reduced, in many caſes, to act jointly, mutually modifying each 
others actions; and that which they aſcribe to the dominion of the ſpecific 
form, I attribute to the ſtructure, and eſpecially to the connexion of the 
parts of the compound body. Thus, in a clock, tho' all the parts whereof 
it conſiſts, contribute to the performance of the things belonging to a clock, 
as regularly as if they intended to do ſo, and did not only concur, but 
knowingly conſpire thereto ; yet, in all this there is no ſubſtantial form to 
ſuperintend their motion, but the weight tends downwards, as uſual ; and 
the hand, wheels, and other parts, only perform ſuch motions, as they are 
forcibly put into by thoſe bodies, which, by oo deſcending weight, are 
themſelves ſet in motion. And, even the prodigious effects of gun-powder, 
are owing to the mechanical texture, and that ſlight and eaſy way, wherein 
the ingredients are mixed; which are alſo with eaſe diſſociated, by a chy- 
mical proceſs. 

But to illuſtrate reſulting actions by an inſtance purely phyſical ; by taking 
two powders, fit for my purpoſe, one blue and the other yellow, and mixing 
them in a certain proportion, the mixture exhibited a green colour, which 
did not flow from any new predominant form, making the blue and 
yellow corpuſcles ſubſervient to its purpoſes; but only, from the mixture of 
thoſe bodies, the diſtin& actions of the blue and the yellow corpuſcles made 
upon the eye a compound impreſſion, like that of bodies, whereto their 
ſpecific forms are ſuppoſed to impart, among other qualities, greenneſs. Thus 
alſo, when vitriol, and ſublimate, are made by art, there needs nothing, be- 
ſides the manner, wherein the ſaline, and metalline particles are contexed, 
either to hold the parts together, and keep them united into one body, 
or to enable the mixture to effect ſeveral things, which neither of them 
would have performed apart. And, as in a watch, the ſpring is really a 
ſpring, and acts as one, whilſt it is a part of the watch, tho? by reaſon «t 
Its connexion with the other parts, it is reduced to concur, with thoſe, to- 
wards exhibiting the phenomena proper to the whole engine ; ſo, in many 
compound bodies, befides the ſpecific form, which the body has, as ſuch, 
and which may be call'd its total or general form, the particular bodies, 
(by whofe aſſociation and conjunction it is made up) may enjoy their own 
diſtin forms, and be therefore called partial forms : and theſe bodies, tho 
they are part of the whole, whilſt it ſubſiſts, and, by their connexion with 
the reſt, concur to the operations of the body, as ſuch, (which joint opera- 
tions are uſually attributed to the ſpecific form) yet they do not always ſo 
depend thereon, but after it is aboliſhed, they may retain their own na- 
ture; as a bone, will be a bone for whole ages after the animal it belonged 
to is dead. Whence we need not wonder, that ſeveral forms ſhould ſuryive 
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in bodies deprived of their ſpecific form. For, indeed, thoſe which are cs. 
called ſubordinate, may, as was before obſerved, be as true and real forms, N. 


as thoſe which bear the title of ſpecific 3 and even, whilſt theſe are in being, 
there are many things which compound bodies perform by virtue of their 
particular forms, rather than of the ſpecific. Thus in gun-powder, the 
blackneſs proceeds not from the compoſition, but the coals ; and the nitrous 
taſte from the ſalt-petre. 

If we conſider the arbitrary uſe of the word form, we ſhall find, that 
thoſe things, upon account whereof we attribute a particular form to a na- 
tural body, are but very few of the many attributes which belong to ir. 
Now the form of a body being really no more than a convention of attri- 
butes, whereby the matter is ſtamped, and denominated; it is very probable, 
that hoſtile cauſes may often deprive the matter of thoſe accidents, which 


conſtituted the ſpecific form, and yet leave the reſt, which, according to 


the law of nature, ought to continue there, till ſome competent agent put 
the body out of that ſtate, wherein, upon the form's deceaſe, it was left. 
To clear up this matter, we muſt conſider, that the ſame body may have 


two kinds of modification, and be thereby fitted for two, if not more, ſtares. 


and kinds of operations, not neceſſarily dependent upon each other. For, 
as the ſpring of a watch is, by virtue of one part of its texture, an elaſtic. 
body, and, upon account of another, iron; and, therefore, tho” being caſt red- 


hot into cold water, it will become ſtiff and brittle, and, conſequently, ceaſe 


ro be a {pring ; yet it will ſtill continue iron, with all its peculiar attributes. 
Thus in a roſe, we may diſtinguiſh two modifications of the matter; one, 
whereby it is fitted to receive, from the buſh it grows on, a certain peculiar 
and ſpirituous ſap, by whoſe intervention and concurrence, it has nouriſhment 
and growth, and, conſequently, exerciſes vital functions, as a part of a living 


plant; and another, which conſiſts rather in the texture of the more ſtable 
parts: and this texture being commonly more permanent and durable, than the 


other part of the modification, wherein the life, participated by the roſe, con- 


ſiſted, may laſt, when the flower is deprived of its ſoul and ſpecific form, by 


removal from the buſh, and retain thoſe qualities, that naturally reſult from a 
parcel of matter ſo contrived. And, as a mill is capable of performing ſe- 
veral things, only when the water, that paſſes through certain parts of it, 
puts them, and, by their means, others, into motion; ſo there are many 
things not performable by a plant, unleſs watered with a vital liquor. And, 


as a mill may, nevertheleſs, retain the nature of a ſtructure, uſetul for other 
purpoſes, tho” the drought of ſummer have, perchance, 170 it of its 
a plant be de- 


water, or the froſt congeal'd it into ice; ſo, tho? the ſoul o 
ſtroy d, or ceaſe to act, the body may, upon account of the more perma- 
nent ſtructure of its ſtable parts, retain a fitneſs for many of the ſame pur- 


poſes whereto it ſerved before. This compariſon, perhaps, will not hold in 


all circumſtances : however, there are ſeveral inſtances of vegetables reſu- 


ming the faculty of growing, long after they have been thought lifeleſs ; as 


the roſe of Jericho, the aloes-plant, c. And even ſome animals are not fo 


Perz 


very unlike theſe plants, as one would imagine: for flies, waſps, Cc. will 
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Paysics. perform their uſual actions, upon the application of freſh warmth, ſome 
LAY YN time after they have ſeem'd to be dead. | 
| To proceed, it may be obſerved, that even in a body, which hath loſt its 
ſpecific form, the remaining qualities do not always flow from the form of 
the entire body; but from the peculiar form of ſome particular parts of it, 
which being ſeparated therefrom, tho", perhaps the more ſtable parts that 
remain, will keep the viſible ſtructure from being manifeſtly altered; yet 
this remaining body ſhall be quite deprived of its noble properties ; as may 
appear from making the extract of rhubarb, wherein its whole purgative 
virtue reſides; and from ſome preparations of cinnamon, and other ſubſtances 
of fine parts, which, upon the loſs of them, remain but the carcaſſes of what 
they were. And, beſides this pre-exiſtent and ſurviving modification, it is 
often very poſſible, that new qualities and properties may be diſcloſed upon 
the abolition of the ſpecific form, tho* they were not actually in any part of 
the matter, but are produced in it by a concurrence of the texture and diſ- 
poſitions left there by the late form, and the operation of external agents, 
As, when out of the fleſh of a dead animal, musk or inſects are generated; 
or, as when a lime- ſtone calcined, and left in the open air, in time affords 
true and inflammable ſalr-petre. But as to the two modifications of living 
creatures before-mention'd, I fear we ſometimes attribute to theſpecific form, 
things, that may be well perform'd without it, by the more ſtable modifica- 
tion of the body, affiſted by an eaſy concourſe of natural- agents. "Thus, 
thoꝰ the excluſion of excrements be unanimouſly aſcribed to the ſoul, which, 
For that purpoſe, is ſaid to be endowed with a peculiar faculty, call'd ex- 
pulſive 3 yet, the excrements have been often diſcharged, long after the 
creatures were unqueſtionably dead. And tho” the maturation of fruit be 
a great alteration, ſuppoſed to be wrought by the vegetative ſoul of the 
plant ; yet it has been obſerved, that apples, grapes, G. gathered before 
they were ripe, and laid on heaps together, will ripen well enough after- 
wards: and the common hiſtories abundantly prove the ſame in other the 
like productions. I might add, that even in our cold climate, onions, and 
{ome other bulbous plants, will, in the ſpring- time, ſhoot out of their own 
accord, And, even in animals, ſome things, confidently preſumed to be 
the proper effects of the ſoul, may be really performed by the texture of the 
body, and the ordinary and regular concourſe of external cauſes ; as the 
growth of nails, hair, &c. after death, which continues not only whilſt the 
impreſſions left by the ſoul upon the carcaſs, are yet vivid and recent, but 
for a much longer time than hath been imagined 3 a memorable inſtance of 
which is given by Paræus, who, ſpeaking of a body, which he, by em- 
balming, preſerved for more than twenty five years, affirms, *©* that it ſtill 
remained whole and ſound ; and as to the nails, having often pared them, 
he always obſerved them to grow again to their former length.” 
The patrons of Sennertus's opinion, look upon it as a cogent argument to 
prove, that the ſoul performs almoſt all that is done in the body, becauſe in 
the corps of a man newly dead, tho? the organization remain the ſame; yet K 


the animal and vital functions perfectly ceaſe. But tho? the viſible fabric 
may 
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may continue, for a while, without any manifeſt alteration ; yet, who can Pursics. 
„that the internal organization is not conſiderably changed and LY WJ; 


aſſure us 
vitiated? 'The body of an animal conſiſts not only of ſolid and ſtable parts, 


as bones, muſcles, Cc. but of ſeveral ſoft ones, as the brain, nerves, Cc. 
and of ſome that are fluid, as the blood, and other juices ; and, which is, 
in our caſe, very conſiderable, requires a convenient combination of all 
theſe : whence it follows, that the external frame of the body remaining un- 
altered, yet, upon death, there may be great alterations in the texture of 
the blood and humours, and in the ſtructure of other internal parts. And 
theſe changes may quite ſpoil the organization of the body, and render it 
unfit to perform the uſual functions of ſuch an engine. But ſome of the 
things hitherto delivered, may be diſputed for want of aſcertaining the 
meaning of the word, life; which is indifferently apply'd to minerals, plants, 
animals, and ſpirits : and it is very difficult to avoid miſtakes, or unprofitable 
diſputes, if men do not uſe words in the ſame ſignification. It may, therefore, 
be convenient to diſmiſs ſo much of the controverſy, as, on this accouhrt, 
is liableto ambiguity, and apply the chief points of our doctrine of ſubordinate 
forms to inanimate bodies. And here, for order's ſake, I ſhall caſt the prin- 
cipal things into diſtin& propoſitions, and annex a ſhort comment to each. 
1. The word form has a very indeterminate fignification. This we have already 
ſhewn ; and the perſons, who uſe it, do not yet pretend to have agreed, 
how many, or what things, are ſufficient to entitle a portion of matter to a 
determinate and diſtinct form. For there are many bodies, ſuch as treacle, 
beer, gun-powder, coal, ink, Cc. about which, men ſeem not to have con- 
ſider d, whether they ought to have particular forms aſſign'd them; and 
there are others, about which the Peripatetics diſpute, whether they 
ſhould have particular forms allow'd, or no. Ice is, by ſome, made to 
be a diſtin kind of body, whilſt others will have it to be only water 
altered, and thereby deprived of its fluidity, not its form. Nay, even 
about the elements themſelves, the ſchool-men fiercely diſpute ; a whole 
party denying them to have any other forms, than the firſt qualities, 
by which they are uſually diſtinguiſhed. And, ſome bodies, variouſly con- 
{ider'd, ſeem to have a title to more than one form: for inſtance, it is diffi- 
cult to determine, whether pure lead, made into a body, like Vitrum 


ſaturni, is moſt properly a metal, or glaſs. The like difficulty occurs, 


when miſletoe grows very large on a hazle, or when an apricock or a 
peach is inoculated, and proſpers upon the bough of a plumb-tree ; and 
when red or blue amel is made of calcined tin, which they call putty, and 
of the ſalt and ſand, whereof the glaſs-men make what they call their fritta, 
and of ſome burnt copper, or other metalline pigment ; examples, with 
others of the like kind, which might, perhaps, ſomewhat perplex the ſchool- 
men to accommodate fairly to the vulgar doctrine of forms, at the intro- 
duction whereof, probably ſuch inſtances were never thought of. 

2. It is difficult to decide the nobleneſs of forms. This point, alſo, has been 
partly handled already ; and, indeed, as nobleneſs is rather a civil or politi- 


cal, than a phyſical qualification, it is often hard to determine, which, of 


two 
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Parsics. two forms, is the moſt noble. To ſome examples already given of this diffi- 
W culty, beſides the late inſtance in glaſs of lead, may be added that of anti- 


mony made per ſe ; crude antimony being fitter for ſeveral purpoſes, both 
mechanical and medical, than the vitrified calx ; and this, again, being fit- 
ter for other uſes, than that, which has not been freed from its more fugi- 
tive parts. It was a diſpute among the antients, whether their Electrum, 
a compoſition of gold and ſilver, was nobler than either of thoſe metals: 
and when chymiſts have made a precipitate of gold and mercury, it is 
queſtionable, whether that be a nobler thing, than the gold alone; tho' if 
a chymical phy ſician were judge, he would give it for the gold improved by 
the change; tho a goldſmith would conclude it debaſed by the alloy, 
and, by melting it with borax, free it from the quick-filver, and reſtore 
it to its priſtine form. It might, alſo, be diſputed whether, tho' in living 
creatures the ultimate form be more noble than its previous harbinger ; it 
may not be ſometimes otherwiſe in bodies inanimate, as well as in the pro- 
dùctions of art. When an artificer makes ſilver ſolder, by adding to the 
ſilver a certain proportion of braſs or copper, tho he thereby obtains an 
uſeful mixture, yet it may be much queſtioned, whether this brittle ſub- 
ſtance be not leſs noble, than the ſilver alone. And when a plant, growing 
by ſome petrifying ſpring, is, by imbibing that water, turned, at length, 
into a ſtone, tho the rarity of ſuch things makes men prize them; yet it 
may well be queſtioned, whether the new form be not leſs noble, than that 
which the plant had before. | 

3. In many bodies, the form is attributed upon the account of ſome one eminent 
property, which, if it be preſent, and continue, tho many other things ſupervene, 
or are wanting, the matter is ſtill looked upon as retaining its form, and, therefore, 
.alowed its uſual denomination. An example of this, we are furniſhed with, by 
the late inſtance of vitrum antimonii; for tho" in many reſpects, it puts on 
the appearance of glaſs, yet it retains ſo much of the antimonial nature 
and properties, as to be vomitive and purgative, as well as crocus metallorum. 
The expreſſed oils of olives, almonds, and other unctuous vegetables, differ 


much from thoſe fine eſſential oils, drawn by diſtillation ; and both of them 


from thoſe empyreumatical ones diſtilled in retorts by violent fires ; yet all 
theſe very different liquors are reckoned among oils, becauſe they agree in be- 
ing fluid bodies, unctuous to the touch, and ſuch as will not mix with water. 
So, altho' ſome ſalts are very fugitive, as thoſe of harts-horn, urine, &c. 
others very fixed, as that drawn from the calx of tartar, or the aſhes of 
wormwood, Cc. yet all theſe are numbred among ſalts, becauſe they agree 
in the reſpects for which we allow bodies that denomination. And, indeed, 
by reaſon of the unſettled notion of the word form, and its uncertain applica- 
tion to conſtitute diſtin& claſſes or kinds of bodies, I have doubted, whether 
ſeveral forms be more than metaphyſical conceptions; by virtue of which, 
bodies, very different in nature, are comprized in the ſame denomination, be- 
cauſe they agree in a fitneſs for ſome uſe, or in ſome other thing that is com- 
mon to them all, rather than in ſuch true phyſical forms, as make bodies of 
che ſame denomination, likewiſe of the ſame ſpecific nature. However, theſe 


forms 
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forms ſeem to be very generical things, and more ſo, than is commonly ob- Phxsics. 

ſerved. And I have alſo queſtioned, whether ſome of thoſe things, upon 
account whereof men rank bodies in a particular ſpecies or claſſis, be ſo pro- 
perly the true and intrinſic forms of thoſe bodies, as certain ſtates of matter, 
wherein bodies, very differing in nature, may agree; as water, wine, and 
many other different liquors, may, each apart, be made, by congelation, 
to paſs into that ſort of body we call ice : and not only the ſuet and fat of 
animals, and the expreſſed oils and ſpirits of fermented vegetables, but alſo 
ſeveral mineral, and metalline concretes, may be made to paſs into that claſs 
of body we call flame. 1 

4. By reaſon of the conjunction or connexion of the parts that make up a whole, 
ſeveral things will often be performed by the concurrent action of theſe united parts. 
Such operations are of kin to thoſe, which the ſchoolmen call actiones com- 
munes ; as when a bullet is let fall upon a pavement, tho' it touches the body 
it falls upon, but in a very ſmall part of its ſuperficies, yet the plane re- 
ceives the action of the gravity of the whole body; thoſe parts that do not 
immediately touch it, ſtriking it by the intervention of thoſe which do. So, 
likewiſe, in a boat, the limbs and clothes of a man, who ſtands upon the 
deck, and all the parts of a watch, if he carries one in his pocket, jointly 
gravitate on the veſſel, tho only the ſoles of his feet, or ſhoes, immediately 
preſs upon it; and the wheels and other parts of the watch may be moving, 
at the ſame time, very different ways. Now, in organical bodies, and ſe- 
veral others, both natural and faRitious, thoſe things which are performed 
by the parts, as in a ſtate of conjunction, are often aſcribed to the form; as 
in a watch, moſt of the principal phenomena ſo depend upon the concurrent 
action of the ſeveral parts, that few of them can be out of order, but they 
will hinder thoſe phenomena from appearing at all, or, at leaſt, from be- 
ing well and regularly produced. 

5. We may yet, in a due ſenſe, admit, that in ſome bodies, there are ſubordi= 
nate forms, I know it is pretended, that one body can have only one form : 
but tho' a body can have only one total and adequate form, yet, its parts 
may have their partial forms ſubordinate to that; as the ſteel-ſpring, and 
braſs-wheels, of a watch, may retain their diſtin& metalline forms, tho 
the watch they compoſe be but one. And the ſchoolmen themſelves, with 
many of the antients, have aſſerted, that in compound bodies, the elements 
retain their reſpe&ive forms, notwithſtanding the new form, that belongs 
to the mixed body. It is alſo objected, againſt the ſupervention of a higher 
form, that a body, being already complete in its own kind, by its own 
form, no other form can accrue to it, without making what is called ens per 
accidens, To this I anſwer, that the notion of an ens per accidens belongs 
rather to metaphyſics, than natural philoſophy ; and in what its eſſence 
conſiſts, is ſtill ſo hotly diſputed, that no arguments from it, can juſtly 
affect the preſent caſe : and, indeed, when we conſider, that the ſchools 
allow the ſoul and body to make up a man, who, according to them, 1s 
unum per ſe, and not per accident; and teach, that the rational ſoul, which 
is a ſubſtance, and the underſtanding and will, which are ſaid to be its fa- 
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Pars1cs. culties, and ſo its accidents, make unum per ſe; by a parity of reaſon, that 
predicate or qualification, may well be taken in as large a ſenſe as is requiſite 
for our purpoſe. So that if the parts of a body, whether natural or facti- 
tious, be, by their union, brought to become the principle of a property 
A or operation, which belongs to neither of them ſingle, I ſee not why ſuch a 
body may not paſs for unum per ſe, as well as ſeveral bodies which paſs under 
that notion. It may be farther anſwered, that tho* a body, by its own form, 
be complete in its kind, yet it may be capable of advancement to a nobler 
{tate by an acceſſion, that ſhall not ruin its former nature, but enable it to co- 
operate to nobler actions, than its former could reach. Thus when a ſpring 
is made part of a watch, it thereby, without loſing the nature of a ſpring, 
" contributes to the nobleſt phenomena of ſo curious an a_ : and the in- 
gredients of gun-powder, by the ſuperinduction of the form, or new con- 
texture they acquire by mixture, are, each of them, enabled to co- operate 
to the performance of things, far exceeding the utmoſt they could do before. 
Nor will it follow from this ſuperinduction of forms, that there may be a 
form of a form, as well as of matter ; but only that to a body, which hath 
already a form, a farther form may ſupervene. 

6. The ſupervention of a new form is often but accidental to the pre-exiſtent 
form; and does not at all deſtroy its nature, but modify its operations. A. needle, 
not touched by a load-ſtone, has its own form, as a piece of ſteel, as well 
as the figure of a needle ; but, when it comes to be excited by the load- 
ſtone, there are then new and wonderful properties ſuperinduced ; and this 

needle is then able to point regularly north and ſouth, attract other needles, 
and communicate a verticity to them; and ſo is fit for much nobler uſes, 
than before. And this new modification ſo regulates its motions, that, 
tho? betore it was indifferent, if nicely poiſed, to reſt at any point of the 
compaſs; it is now determined to keep moving, till it points north and 
ſouth, and to reſt in that poſition only : yet, by drawing this magnetic 
needle, after a certain manner, upon the pole of a vigorous load-ſtone, you 
may, in a moment, deprive it of all its additional faculties, tho' it will re- 
main as true a ſteel-needle as at firſt. And a little reflection on the fore- 
mentioned inſtance of the ſpring of a watch, will ſhew what it is, that the 
ſtructure or modification, whence the form of the whole, according to us, 
reſults, does to a body already endowed with its own form. For, as the 
ſpring, tho” it retain its own nature, and acts according to it; yet, by the 
contrivance of the watch, it is not only ſo pent in, that it cannot gain its 
full extent, as otherwiſe it would, but by the ſame contrivance, its inceſſant 
endeavour, to ſtretch itſelf, is ſo moderated and managed by the wheels 
and balance, that it principally concurs to ſet all the other parts in motion, 
and to perform the office of a watch : ſo in natural bodies, what is per- 
formed by the ſupervention of a higher and total form, is, that by virtue 
of the connexion and ſtructure of the parts introduced with this new form, 
the action of the particular parts, tho* they retain their own partial forms, 
and act, as far as they can, according to them, is ſo maſtered, or otherwiſe 
modified, that they are brought to concur to thoſe things that are done by 
| the 
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the whole body as one agent, and become ſubſervient to the operations, that Physics. 
are proper to the body in its new and ultimate capacity. Thus when a piece: 


of lead is, without addition, vitrified by the mere action of the fire; this 
happens to the body, upon its acquiring the form of glaſs, that, whereas, 
betore, the metalline particles were ſo inconveniently ſituated, and ſhaped, 
that they denied paſſage to the rays of light; and, by reaſon of their con- 
texture, compoſed a body that was very flexible; they become now fo 
ranged, and otherwiſe altered, that they freely ſuffer the light to paſs them, 
but admit not of being freely bent as before. And when ſalt-petre, by 
the addition of a ſmall proportion of brimſtone and coal, is made into gun- 
powder; this happens to it, from its acquired modification, that if a little 
fire fall thereon, it will not, as before, leiſurely conſume, and leave behind 
it a conſiderable portion of the whole body, in the form of a fixed or 

alkalizate ſalt, but fly _ all at once, and leave little or nothing behind it. 
7. Beſides the ſpecific actions of a body, that harbours ſubordinate. forms, there 
may be ſeveral others, wherein ſome of the parts aft according to their particular and 
priſtine nature. This follows from what we lately ſhewed, that the total 
and ſpecific form has not ſuch a dominion over the partial and ſubordinate 
ones, as the patrons of theſe forms imagine. For tho” by virtue of the 
modification of the whole, the operations of the parts or ingredients are ſo 
guided, as to concur to thoſe operations that belong to the whole, and are 
requiſite to be performed by a joint- action; yet, in other reſpects, as it is 
not neceſſary, that ſuch bodies ſhould have their parts entirely under the do- 
minion of the ultimate form, they may act according to their diſtin& and par- 
ticular qualifications. But this will be farther cleared by ſhewing, that the 
ſame things may happen to ſeveral bodies, which appear in a watch, where, 
tho? the form of the engine, in many reſpects, makes the ſprings and wheels, 
and other parts, concur to perform the operations proper to ſuch an engine, 
yet the wheels may look bright and yellow, the ſpring may move a mag- 
netic needle, and other parts may do other things, not by virtue of the form 
of a watch, but by virtue of their own qualities. Thus when in pills, and 
other medicines, made up of ſeveral ingredients, the compoſition has ſome 
reſulting virtues diſtin& from thoſe of the ingredients, and belonging to the 
compoſition ; yet, it may often happen, that ſome particular ingredient will 
not only retain its former nature, but ſo retain it, that the compoſition is 
endowed with that quality, only upon account of that ingredient. Thus 
ambergreece, mixed with purgative ingredients, retains its own grateful 
ſmell, and communicates it to the whole maſs, whereof the pills are made: 
and moſt purging pills taſte ſtrong of the aloes, whatever” the other ingre- 
dients be. A farther inſtance we may take from Venice treacle, not too 
{tale : for tho* it be acknowledged, that opium works by a ſpecific quality; 
and tho* it be here blended with above threeſcore other ingredients, in far 
greater quantities ; yet, in ſpite of the forma compoſiti, it retains its proper 
narcotic virtue ; and, upon that account, renders the whole a powerful re- 
medy in ſeveral diſtempers, where quieting medicines are proper. A no lefs 
evident example we have in the * of gold and mercury: for = 
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Physics. by virtue of the union of the ingredients, the reſulting powder may gain 
LYN ſeveral qualities, which neither the gold, nor the quick-filver, had apart; 
yer, the ſalivating faculty of this precipitate, belongs to it barely on 
account of the mercurial ingredient. 

8. That which, in many bodies, is looked upon as the ſpecific form, is, often, 
only the moſt eminent. We muſt here recolle&, (1.) That the word form, 
has no ſettled ſignification; ſo that ſeveral bodies to which particular forms 
are aſſigned, deſerve not that privilege better than many others, wherein 
no peculiar and diſtin& form is conſider d. (2.) That the forms of inani- 
mate bodies are but reſpective things, reſulting from the co-exiſtence of 
particular corpuſcles or parts, after a determinate manner. (3.) That it is 
uſually from tome particular reſpe&, or fitneſs to ſome particular uſe, that 
men aſcribe this or that form to a particular body. (4.) That the nature 
and fabric of a body may manifeſtly fit it to anſwer more thay one of thoſe 
reſpects, on whoſe ſcore bodies are denominated, or may be ſuited to more 
than one of thoſe uſes ; an aptitude for which, when found ſingle in ano- 
ther body, is ſufficient to make it be referred to a diſtin& kind : as the 
vitrum antimonii, tho conſider'd by ſome as glaſs, is, by a phyſician, looked 
upon as a medicine. (5.) That it is not neceſſary, theſe conjugations of 
qualities ſhould have a ſtri& dependence upon one another; as the emetic 
properties of the antimonial glaſs belong not to it as glaſs: nor is it neceſlary 
that, if this very portion of matter had not the form of glaſs, it would want 
or loſe theſe properties. (6.) 'That ſince the nobleneſs or ignobleneſs of 
forms depends on the greater or leſs uſe of the body; one man may, in the 
ſame body, look upon one kind of modification, and another upon a quite 
different one, as the higheſt form of that body. Thus a watch, that ſhews 
only the hours and their quarters, hung at a ſtring, and made to ſwing as a 
pendulum, would to an aſtronomer, 5 was to make nice obſervations, be 
moſt uſeful in the capacity of a pendulum; becauſe, as that, it may divide 
a minute into ſeconds, half ſeconds, &c. but for other men, who, tho' they 
want an inſtrument to meaſure time, require not ſuch minute ſubdiviſions 
of it; the little. engine we ſpeak of, will be much more uſeful and conſide- 
rable, in the capacity of a watch. (7.) Hence it may often happen in 
inanimate bodies, whether natural, or factitious, that the ultimate or chief 
form, is not the preſiding form, but only the moſt eminent; by which, I 
mean not ſimply the nobleſt, but that which is, for the time at leaſt, the 
moſt conſidered: or, in other words, the form moſt regarded, is not ſo 
much that which reigns, as that which denominates. 

9. Theſe forms ſeFn to be rather concurrent, than ſubordinate. For if a body 
can have ſeveral ſuch conjugations of accidents or modifications, as may 
entitle it, in differing reſpects, to different forms; and that form, which is 
conſidered as the moſt eminent, be not the preſiding form, nor ſo much as 
always the nobleſt ; may not theſe forms, which co-exiſt in the ſame body, 
be more fitly termed concurrent or coincident, than ſubordinate ? And, 
indeed, as to inanimate bodies, this dominion and ſubje&ion, which is 
imagined , between forms, ſeems to me, in many caſes, neither _—_— 

bliſhed, 
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bliſhed, nor eaſy to be explained. I doubt too, that ſometimes we miſlake Paysics. 
names for things; and becauſe, when a body, by the action of proper agents, x.. 


obtains ſuch a modification as fits it for particular actions and uſes, we call 
it by a certain name, and attribute a form to it; we are apt to conclude, 
that the faculties and qualifications it enjoys, and the things it is able to do, 
are owing to this form, as if it were ſome diſtin& and operative ſubſtance, 
ut into the body ; and really began, guided, and over-ruled the motions 
and actions of the compoſition, Whereas, indeed, what we call the form, 
if it be not, ſometimes, little more than one of thoſe airy things, which the 
ſchools call an external denomination, ſeems often to be rather a metaphyſical 
conception, than a phyſical agent, that performs all things in the body it is 
aſcribed to. Thus when a piece of ſteel, conveniently ſhaped, is, by a due 
temper given it, turned into the ſpring of a watch ; the motions of the 
watch, tho” proceeding from this ſpring, proceed not from the form of the 
iron ; and the ſpringineſs itſelf, lows not immediately from that form, but 
from a mechanical and adventitious texture, ſuperinduced in the metal, and 
iven it by ſeveral outward agents, as the fire, the hammer, &c. And it is 
o far from evident, that, in bodies inanimate and compounded, the moſt 
eminent,and moſt conſidered form, muſt have a dominion over, and an efficacy 
in all operations and actions of the compoſition, that even in bodies not ſo 
compounded, it is not always neceſſary, that the ſpecific form ſhould have 
ſo much as a concurrent ſhare in what is performed : for external agents 
may introduce fuch qualities into the body we ſpeak of, as, being once there, 
will ſuffice for actions and productions, ſuitable to their own nature, whe- 
ther the form be active in aſſiſting them or no. We ſee that. boiling water, 
taken off the fire, will raiſe bliſters on a man's hand, and perform other 
things, Which are uſually the effects of fire, only by virtue of the adven-- 
titious heat it has received; tho”, according to the Peripatetics, the form 
of water, which is an element naturally cold, as well as moiſt, ought ra- 
ther to oppoſe, than promote the action of the preternatural heat. And 
the like might be ſaid of a heated iron taken from the fire. It may, indeed, 
be pretended in favour of the ſchools, that it is the fire, which got into, 
and yet remains in the iron, that cauſed theſe effects. Bur this ſubterfuge 
would involve them in very perplexing difficulties. However, I will put a 
caſe where it cannot be made uſe of : ſuppoſe, then, the iron to be heated, 
not by the fire, but by forcible ſtrokes between a hammer and anvil, both 
of them actually cold. When a piece of ſilver is, by being hammer'd, or 
drawn into wire, made a ſpringy body, it will be able to perform many 
things by that acquired elaſticity, which do not at all flow from the form 
peculiar to the metal: for not only copper, ſteel, and many other bodies, 
may be made ſpringy too; but, if you heat it in the fire, the goldſmith 
will aſſure you, that it is as true and as good ſilver as before; and yet it 
will ceaſe to be a ſpring. And ſo when a ſmith makes a file, by forming many 
little channels on it, a- croſs one another, and, afterwards, hardening the 
ſteel ; by virtue of this roughneſs, which is given it by external agents, it 
acquires a durable roughneſs, upon. which account it is qualified to perform. 
many. 
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Parsics. many conſiderable things, whereto the form of the mere metal does not, 

for ought that appears, concur. And tho” hardneſs contributes to make 
a good file, yet, not only the iron was as true and perfect iron, before it 
became rough as afterwards ; but even that degree of hardneſs, which qua- 
lifies our inſtrument to be a good file, flows not immediately from the form 
of the metal; for that was true iron when ſoft, and its eminent degree of 
hardneſs was given it by the temper it received from the ſmith, 

But, to conclude, I muſt again complain, that the uncertain ſignification 
and uſe of the terms, employ'd about theſe points, are apt to occaſion 
much darkneſs and difficulty in our enquiries into the things themſelves ; 
and, I am apt to think, that if the meaning of the terms, form, life, ſou], 
aniwal, vegetative, and ſome few others, were clearly defined, and agreed 
on, a great part of the perplexing controverſies, about ſubordinate forms, 
with what relates to them, would appear to be diſputes about words only, 
And if I ſhould, any where in this diſcourſe, have dropt into a verbal con- 
troverſy myſelf, I can ſafely ſay, that my endeavours have all along been 
to expunge received errors, and to eſtabliſh a better theory of theſe 


matters. 
SECT. I. 
The de, E have already ſeen, it is by a kind of tacit agreement, that 
* — men diſtinguiſh the ſpecies of bodies; and that thoſe diſtinctions 


are more arbitrary, than moſt are aware of: nor have I yet met with any 
genuine and ſufficient boundary for the ſpecies of things, or any determi- 
nate number of qualities, neceſſary to conſtitute diſtin& kinds of natural 
bodies. We, therefore, look upon thoſe as diſtin& ſpecies of bodies, that 
have had diſtin& names affign'd them; tho', perhaps, many of them differ 
much leſs from one another, than other bodies, eſteem'd but of one ſort. 
Whether water and ice ought to be eſteemed diſtin bodies, is ſo little 
evident, that ſome affirm, water loſes not its own nature, by being turned 
into ice; which is made plauſible, by the reducibleneſs of it back again 
into water : yet others again make them diſtin& ſpecies of bodies, becauſe 
the one is fluid, and the other ſolid ; and, alſo, becauſe ice is, commonly, 
more or leſs opake, and lighter in ſpecie, than water. We may add, that 
ice, beaten with common ſalt, will freeze other bodies, when water, mixed 
with ſalt, will not. And I would be reſolved, whether muſt, wine, ſpirit 6 
of wine, vinegar, and tartar, are bodies ſpecifically diſtindt. The like 4 
queſtion might be asked of an egg, and the chick that is afterwards hatched 
out of it; as alſo, of the eggs of ſilk- worms, which are firſt ſmall cater- : 
pillars, then aurelia's, and next butter-flies. And whether the anſwer to ; 
theſe queries be affirmative or negative, I doubt, the reaſon that will be 

given for either, will not hold in ſeveral caſes. And it may ſtill be more 
uzzling to ask, whether a charcoal, throughly kindled, differs ſpecifically 
m another charcoal. Nor is it eaſy to determine, whether clouds, rain, 
hail, and ſnow, be all ſpecifically diſtin& from water, and from each _ 
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But if ſuch ſlight differences diſcriminate theſe bodies, it will be hard to 
give a ſatisfactory reaſon, why other bodies, that differ in more conſiderable 
articulars, ſhould not enjoy the ſame privilege ; as, I preſume, that ſnow 
differs leſs from rain, than paper from rags, or glaſs, made of wood-aſhes, 
from wood. And, indeed, men having, by tacit conſent, agreed to look upon 
per, glaſs, ſoap, ſugar, braſs, ink, pewter, gun-powder, Cc. as diſtinct 
— of bodies; why may they not be thought to have done it on as good 
grounds, as thoſe, upon which many other differing ſpecies of bodies have 
been conſtituted? It will not ſuffice to object, that theſe bodies are facti- 
tious; for it is the preſent nature of bodies, which ought to be conſider'd 
in referring them to ſpecies, which way ſoever they came by that nature : 
for fait, which, in many countries, is made by boiling ſea-water in proper 
veſſels, is as true ſea-ſalt, as that which is made in the iſle of Man, by the 
bare action of the ſun upon the ſea-water, left behind in hollow places, 
after a high ſpring-tide. And (ilk- worms, hatch'd by the heat of a human 
body, and chickens produced in Ægypt by the heat of ovens or dunghills, 
are as true ſilk- Worms and chickens, as thoſe which are hatched by the ſun 
or by hens. 

And whatever may be ſaid of factitious bodies, where man, by inſtru- 
ments, only gives figure to the ſenſible parts of matter, as when a ſtatuary 
makes an image; yet the caſe may differ in thoſe other factitious productions, 
wherein the inſenſible parts of matter are altered by natural agents, which 
perform the greateſt part of the work among themſelves, tho” the artificer 
be aſſiſtant in putting them together. And, therefore, all chymical pro- 
ductions may well be look'd upon as natural bodies; ſince the fire, which 
is here the grand agent, doth not, by being employ*d by the chymiſt, ceaſe 
to be a natural agent; ſince nature herſelt, by the help of the fire, ſome- 
times affords us = like productions, wherewith the chymiſt preſents us. 
Thus in Ætna, Veſuvius, and other burning mountains, ſtones are turned into 
lime, and ſometimes vitrified, whilſt aſhes, and metalline-flowers of ſeveral 
kinds, are ſcattered about the neighbouring places; and plenty of flowers 
of ſulphur, ſublimed by the internal fire, appear about the vents, at which 
the fumes are diſcharged into the air. And many bodies we meet with 
in the lower parts of the earth, and think to have been formed there, ever 
ſince the beginning of things, may have been more lately produced, 
by means of ſubterranean fires. 'Thus lead may be turned into minium, 
and tin into putty, or ſeveral ſaline and ſulphureous corpuſcles, riſing 
in fumes, may alter the nature of other ſubterranean bodies ; or, by 
convening among themſelves, conſtitute particular concretions ; as the 
fumes of ſulphur and mercury unite into vermilion, which is ſo like to the 
mineral, whence we uſually obtain mercury, that they both go by the 
ſame name of cinnabar. Since then theſe productions, being of nature's 
own making, cannot be denied to be natural bodies ; why ſhould the like 
productions of the fire be thought unworthy that name, only becauſe the 
fire, which made the former, was kindled by chance in a hill, and that 


which produced the latter, light up by a man in a furnace, And if — 
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Parsics. of ſulphur, lime, glaſs, and melted mixtures of metals and minerals, are 
a de reckoned among natural bodies; it ſeems but reaſonable, that, upon 


the ſame grounds, we ſhould admit flowers of antimony, glaſs, pewter 
braſs, and many other chymical concretes, to be taken into the number ; 
and then it will be evident, that to diſtinguiſh the ſpecies of natural bo- 
dies, a concourſe of accidents will be ſufficient, without conſidering any 
ſubſtantial form. But becauſe we need not have recourſe to inſtances of 2 
diſputable nature, for the illuſtration of the mechanical production of forms, 
let us examine only that of vitriol. For, ſince nature herſelf, without the 
help of art, often produces that concrete, there is no reaſon why vitriol, 
produced by eaſy chymical operations, ſhould not be looked upon as a body 
of the ſame nature and kind. And in factitious vitriol, our knowing what 
ingredients we make uſe of, and how we put them together, enables us to 
judge very well how vitriol is produced. But becauſe this is uſually reckon'd, 
with ſalt-petre, ſea-ſalt, and ſal- gem, among true ſalts; we muſt take no- 
tice, in the firſt place, that vitriol is not a mere ſalt, but what Paracelſus, 
and, after him, others call a magiſtery ; which, in their ſenſe, commonly 
ſignifies a preparation, wherein the body to be prepared has not its prin- 
, Ciples ſeparated, as in diſtillation, incineration, 2 but wherein the whole 
body is brought into another form, by the addition of ſome ſalt or men- 
ſtruum, united, per minima, with it. And accordingly, we find, that from 
common vitriol, whether native or factitious, may be obtained an acid, ſa- 
line ſpirit, and a metalline ſubſtance; as copper may be ſeparated from blue 
vitriol. And as there is a vitriol of iron, which is uſually green, and another 
of copper, which is blue, and alſo a white vitriol, whoſe compoſition is ge- 
nerally unknown; yet all of theſe are, without ſcruple, reputed true vitriols, 
tho* they differ ſo much in colour, and ſeveral other qualities; ſo I ſee no 
reaſon, why the other minerals, being reduced, by their proper menſtrua, 
into ſalt, like magiſteries, may not paſs for the vitriols of thoſe metals, and, 
conſequently, for natural bodies. If upon the filings of ſteel, we put a con- 
venient quantity of oil of vitriol, and dilute the mixture with water, it is 
eaſy to obtain a vitriol of iron by cryſtallization ; which fully agrees with 
the other vitriol, produced by nature without the help of any other men- 
ſtruum, than rain water falling upon the marcaſites. But that no ſcruple 
might ariſe from the menſtruum uſed in making vitriolum martis, I employ'd 
a different one, that could not be ſuſpected to have any thing of vitriol in it; 
and this was ſpirit of ſalt, which anſwered the ſame end. Nor will the great 
diſpoſition in this our vitriol to reſolve, by the moiſture of the air, into a 
liquor, make it eſſentially different from other vitriols ; ſince it has been ob- 
ſerved, that even the common vitriol in Germany, will alſo run per deliquium. 
To apply theſe experiments, we may conſider, firſt, that our factitious vi- 
triol is not only endowed with many qualities common to other ſalts, as 
tranſparency, brittleneſs, ſolubility in water, &c. but ſuch as are peculiar 
to it, as greenneſs, eaſineſs of fufion ſtypticity of taſte, a peculiar ſhape, 
a power to ſtrike a black with infuſion of galls, an emetic faculty, &c. and, 
ſecondly, that tho theſe qualities, are, in common vitriol, ſuppoſed to flow 
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from the ſubſtantial form of the concrete, and may, as juſtly as the qualities Pursics. 


of other inanimate bodies, be employ'd to prove ſuch a form: yer, in our 
vitriol, made with ſpirit of ſalt, the ſame qualities were produced by the 
aſſociation of two ingredients, ſingly deſtitute cf them; which enabled it 
to affect our organs of ſenſe, and work upon other bodies, after the manner 
of common vitriol. Indeed, it is ſo far from appearing, that any ſub- 
ſtantial form is here generated a- new, that there is not 5 much as an ex- 
quiſite mixture made: for both the ingredients retain their nature, and may 
eaſily be ſeparated by diſtillation ; ſo that there is here but a juxta- poſition 
of the metalline and ſaline particles ; only they are ſo aſſociated, as by the 
manner of their coalition to acquire that new texture, which denominates 
the magiſtery they compoſe, vitriol. 

But tho* the exact and curious figures, into which vitriol, and other ſalts, 
are apt to ſhoot, be made arguments of the preſence, and great inſtances of 
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the plaſtic skill of ſubſtantial forms, and ſeminal powers; yet, I am not ſo ſubſtantia! 


fully ſatisfy d in this matter, as the modern philoſophers appear to be. It” 


is not that I deny Plato's jau 5 Ode, to be applicable to theſe exquiſite 
productions of nature; for tho God has thought fit, to make things after 
a more intelligible way, than by the intervention of ſubſtantial forms; and 
tho* the plaſtic power of ſeeds, ſeems unneceſſary in our caſe ; yet the di- 
vine geometry 1s, nevertheleſs, to be acknowledged, for having endowed 
the primary corpuſcles of ſalts and metals, with a peculiar fitneſs for ſuch 
concretions- And, tho” I ſee no neceſſity for aſcribing ſuch productions to 
a plaſtic power; yet, the more elaborate and curious fabric of animals, may 
be aſcribed to an higher origin. But my conjectures about the figures of 
ſalts, will be ſupported by theſe conſiderations. 

1. By a bare aſſociation of metalline and ſaline corpulcles, a concrete, as 
finely figured as other vitriols, is producible ; as we have already ſhewn. 

2. The figures of theſe ſalts are not conſtantly the ſame, but differently 
raried, as they happen- to ſhoot more or leſs haſtily, or in different pro- 
portions of liquor; as is manifeſt from the difference in cryſtals of vitriol, 
when large quantities are taken out of the great coolers. And, accordingly, 
where Agricola deſcribes the ſeveral ways of making vitriol in large quan- 
tities, he compares the concretions indifferently to cubes, or cluſters of 
grapes. I have ſo ordered a pure lixivium of alkalizate ſalts, from which 
uſed to be obtained only a white calx, that it has ſhot into tranſparent 
cryſtals, almoſt like white ſugar-candy. And, having diſtilled a certain 
quantity of oil of vitriol, with a ſtrong ſolution of ſea-ſalt, the reſidue, 
diſſolved in fair water, ſhot into cryſtals, ſometimes of one figure, and 
ſometimes of another, as the quantity and ſtrength of the oil of vitriol, 
and other accidents, determin'd. From ſpirit of urine and of nitre, I 
have ſometimes obtained, fine long cryſtals, ſhaped like ſalt-petre; and 
tho' ſilver, diſſolved in Aqua fortis, or ſpirit of nitre, uſually ſhoots 
into exceeding thin plates, almoſt like Muſcovy-glaſs ; yet, I have ob- 
_ _ cryſtals, of a different 1 ; each cryſtal being — 

0 L. I. 0 


1 


1 
| 


- äſ— — ——ỹ———ß—f ꝶͤ GC C=c< CC no — 


2.42 


Forms and Qualities. 


Pursics. of many ſmall ſolids finely ſhaped, and adhering fo fitly to one another, as 


to have one furface common to them all. 


3. Inſenſible corpuſcles of different exquiſite ſhapes, and endowed with 
plain, ſmooth ſides, will conſtitute bodies variouſly, but all very finely 
figured. And, firſt, tho* harts-horn, blood, and urine, may well be ſup- 
poſed to have their ſubſtantial forms deſtroy'd, by the action of the fire, 
in their analyſis ; yet their ſaline particles will leiſurely ſhoot into cryſtals 
of very curious ſurfaces, and regular figures. And of theſe finely ſhaped 
cryſtals, of various ſizes, I have obtained ſeveral from other diſtill d acid 
liquors ; and particularly, with a menſtruum that would diſſolve ſome gems, 
and with a ſolution of coral, made in ſpirit of verdigreaſe. For the ſame reaſon, 
when I try'd, whether the particles of ſilver, diflolved in Aqua fortis, would 
not, without coagulating with the ſalts, convene, upon account of their 
own ſhapes, into little concretions of ſmooth and flat ſurfaces; I found, that 
having diluted one part of the ſolution with a great many parts of diſtill'd 
rain-water, a plate of copper being ſuſpended in the liquor, and ſuffered to 
lie quiet a while, there would ſettle about it, ſwarms of little metalline 
bodies, ſhining in the water, like the ſcales of ſmall fiſh ; but formed into 
little plates extremely thin, with ſurfaces not only flat, but exceeding gloſſy : 
and among thoſe, ſeveral of the larger were prettily figured at the edges. 
And the corpuſcles of gold are ſufficiently diſpoſed to convene, with thoſe 
of fit ſalts, into concretions of determinate ſhapes ; as I have found in the 
cryſtals obtained from it in Aqua regis: and, alſo, when, by a more powerful 
menſtruum, I had ſubdivided the body of gold into ſuch minute particles, 
as to be ſublimable, theſe volatile particles, with the ſalts, wherewith they 
were elevated, afforded plenty of cryſtals, reſembling one another in ſhape. 
I have, indeed, ſometimes try'd to procure compound figures from the 
ſhootings of different ſalts together; but find, we muſt not expect, that in 
all caſes, they ſhould be totally compounded : for they often are of ſuch 
different natures, that one will ſhoot much ſooner than another ; and then 
a large proportion of that will be firſt cryſtallized in its own ſhape, as is 
viſible in refining impure, or Barbary nitre, from the common ſalt wherewith 
it abounds. And, as Agricola obſerves, where à vitriolate matter is mixed 
with alum, thoſe two kinds of ſalt will ſhoot ſeparately in the ſame veſſel: 
in which caſes, all that can be expected, is, that the remaining part of the 
mixture ſhould afford cryſtals of compounded ſolid figures. 'Tho? the Ve- 
netian borax, ſold in the ſhops, be a known factitious body, compounded 
of ſeveral ſalts; yer ſome of it being diſſolved in a large quantity of fair 
water, and made to coagulate very leiſurely, I thence obtained cryſtals, upon 
whoſe ſurfaces, I could perceive very exquiſite and regular figures. We 
may add, that tho* the Caput mortuum of common Aqua fortis conſiſts of 
bodies very different in nature; yet barely by frequent ſolutions and coagu- 
lations, the ſaline particles will ſhoot into very fine figures ; as triangles, 
hexagons, rhomboids, &c. no leſs exact than thoſe of the fineſt nitre or 
vitriol : ſome, moreover, terminate in bodies, almoſt like pyramids, con- 
fiſting of ſeveral triangles, that meet in one point at the vertex, as admi- 
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rably ſhaped as the fairer ſort of Corniſh diamonds. And I have not only ob- Physics. 
tain'd new ſhapes by compounding ſaline bodies, ſuch as ſea- ſalt, and ſalt CLSWU 
tre, but found them, alſo, producible in ſome natural and chymical ſalts, | 
diſſolved together; and, alſo, in ſaline ſpirits made by diſtillation : but only 
thoſe are fit for this purpoſe, which work upon one another with ebullition : 
for in that conflict, the ſaline corpuſcles aſſociate together, and, by their 
newly acquired figure, loſe much of their former volatility ; ſo that upon 
evaporation of the ſuperfluous liquor, they will not fly away, as, otherwiſe, 
they might, but coagulate together into finely-ſhaped cryſtals ; as I have 
tried with the ſpirits of urine and nitre, oil of vitriol, Sc. And, what is 
farther remarkable, ſpirit of urine ſatiated with ſpirit of ſalt, has often 
afforded me cryſtals, exceedingly different in ſhape, from thoſe obtained 
with ſpirit of urine, ſatiated, either with oil of vitriol, or with ſpirit of 
nitre. For that ſalt, compounded of the two ſpirits, of urine and of com- 
mon ſalt, uſually conſiſts of one long rod, whence, on both ſides, iſſue out 
far ſhorter cryſtals, ſometimes perpendicular to that, and parallel to one 
another, like the teeth in a comb; and, ſometimes, ſo inclining, as to make 
the whole appear, almoſt like a feather z which is the more remarkable, 
becauſe I have obſerved ſal-armoniac, made of crude urine and common 
ſalt, with a proportion of ſoot, will, if warily diſſolved and coagulated, 
ſhoot into cryſtals of the like ſhape. 

How far the unknown figure of a ſalt may poſſibly be gueſs'd at, by that 
of the figure, which it makes with ſome other ſalt, whoſe figure is already 
known, I leave others to diſcover. 

4. Conſidering that vitriol was but a magiſtery, made by the coagulation 
of the corpuſcles of a diſſolved metal, with thoſe of the menſtruum ; I 
thought the magiſteries of other metals might, without inconvenience, be 
added, as other vitriolate concretes, to the green, the blue, and white vi- 
triol, which are, without ſcruple, referred to the ſame ſpecies : but oil of 
vitriol being not a fit menſtruum to diſſolve ſeveral metals, nor even all thoſe 
that it will corrode ; and there being the like unfitneſs, alſo, in common 
— of ſalt, I pitch'd upon Aqua fortis, or ſpirit of nitre, as the men- 

ruum, moſt likely to afford variety of vitriols; and, accordingly, found, 
that beſides a curious one from copper, that liquor would, with quick- 
ſilver, afford one ſort of cryſtals, with ſilver another, and with lead a third; 
all which cryſtals of vitriol, as they differ'd from each other in other quali- 
ties, ſo they did very conſiderably differ in ſhape ; the cryſtals of ſilver 
ſhooting into exceeding thin plates, and thoſe of lead and quick-filver ob- 
taining figures, tho? different from each other, yet of a far greater depth 
and thickneſs, and leſs remote from the figure of common vitriol, or ſea- 
ſalt : yet all theſe vitriols, eſpecially that of crude lead, ſucceſsfully made, 
had ſhapes curious and elaborate, as well as thoſe we admire in common 


vitriol or ſea- ſaltꝰ. 
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If then theſe curious ſhapes, which are ſuppoſed the ſtrongeſt proofs of 


WY VV ſubſtantial forms, may be the reſults of texture; and if art can produce 


vitriol itſelf, as well as nature; are not ſubſtantial forms unneceſſary in ſol- 
ving the ordinary phenomena; ſince matter, with a convention of accidents, 
is alone ſufficient for that purpoſe ? And why ſhould we wilfully exclude 
thoſe productions of the fire, wherein the chymiſt is but a ſervant to nature, 
from the number of natural bodies? Indeed, fince there is no certain 
diagnoſtic agreed on, whereby to diſcriminate natural and factitious bodies, 
and conſtitute the ſpecies of both; we might certainly draw arguments 
from the qualities and operations of ſeveral of thoſe, which are called fa&i- 
tious bodies, to ſhew how much may be aſcribed to, and performed by the 
mechanical characteriſtics or ſtamps of matter. And, if we admit theſe 
productions into the number of natural bodies, they will afford us a mul- 
titude of inſtances to ſhew, that bodies may acquire many noble qualities, 
barely, by having mechanical properties introduced by outward agents into 
their matter, or deſtroy'd there. Even thoſe, who embrace Ariſtotle's prin- 
ciples, confeſs, that a ſlight change of texture, without the introduction of 
a ſubſtantial form, may not only make a ſpecific difference betwixt bodies ; 
but ſo vaſt an one, that they ſhall have differing genus's, and (as the chymiſts 
ſpeak) belong to different kingdoms. For coral, whilſt it grows at the 
bottom of the ſea, is a real plant, and hath often been there found ſoft, 
tender, and juicy ; it, alſo, propagates its ſpecies, as well as other ſhrubs; 
yet, being gathered, and removed into the air, it turns to a ſtony eoncretion. 
And a much ſtranger thing may be ſeen in the iſland of Sombrero in the Eaſt- 
Indies, not very far from Sumatra, if we may believe Sir James Lancaſter, 
who relates it as an eye-witneſs ; for which reaſon, I ſhall add the ſtory in 
his own words. Upon the coaſt of Sombrero, ſays he, we found upon 
the ſand, by the ſea-iide, a ſmall twig growing up to a young tree; and 
« offering to pluck up the ſame, it ſhrunk down into the ground, and 
* ſinketh, unleſs you hold very hard. And being plucked up, a great 
*© worm is the root of it; and look how the tree groweth in greatneſs, the 
* worm diminiſheth. Now as ſoon as the worm is wholly turned into the 
< tree, it rooteth in the ground, and ſo groweth to be great. This tran(- 
* formation was one of the greateſt wonders I ſaw in all my travels. This 
< tree being plucked up a little, the leaves ſtripped off and the peel, by 
< that time it was dry, turned into an hard ſtone, much like to white co- 
* ral : ſo that this worm was twice transformed into different natures. Of 
e theſe we gathered, and brought home many.” Piſe, in his hiſtory of 
Brafil, appeals to a multitude of witneſſes, for the ordinary transformation 
of a ſort of animals, not much unlike graſhoppers, into vegetables, at a 


lar figures; which argues, that the par-“ tances js equal, at unequal diſtances un- 
« ticles of the ſalt, before they concreted, “ equal. For by ſuch a power, they will 
* floated in the liquor at equal diſtances “ range themſelves uniformly ; and with- 
« in rank and file, and, by conſequence, |©* out it, they will float irregularly, and 


« ſome power, which, at equal 
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certain ſeaſon of the year. And Father Michael Boym affirms, that he ſaw in Pursics. 
a ſmall ſhallow freſh-water lake of the iſland Hainan, (which belongs tox 


China) crabs, or craw-fiſh, which, as ſoon as they were drawn out of the 
water, loſt both life and motion in a moment, and became petrified ; tho? 
nothing appeared to be changed, either in the external, or internal figure 


of their bodies, 
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LI Aving diſpatch'd the firſt argument, whereby I propoſed to confirm g. fn 


accidents, as deſeryes to paſs for a form, may be produced; I proceed to 4. 
the ſecond proof I deſfign'd of the ſame, drawn from the re- production of a 
phyſical body. And this argument of the two is the molt concluſive. For 
if we can re- produce a body, which has been deprived of its ſubſtantial form, 
it ſeems more than probable, thar the form, which gives being and denomina- 
tion to a concrete, may be, in ſome bodies, but a modification of the matter 
they conſiſt of, whoſe parts, by a peculiar diſpoſition to each other, conſtitute 
ſucha determinate ſubſtance, with particular properties ; whereas, if the ſame 
parts were otherwiſe diſpoſed, they would conſtitute other bodies of very dif- 
tering natures from that of the concrete, whoſe parts they formerly were; and 
which may again reſult, or be produced after its diſſipation, and ſeeming 
deſtruction, by the re- union of the ſame component particles, aſſociated in 
their former manner. But tho” an adequate renewal of a body, chymically 
analyzed, be difficult, becauſe of the diſſipation of ſome parts in the pro- 
ceſs; yet ſuch a re- production as is practicable, may ſuffice for our purpoſe. 
For even in ſuch experiments, it appears, that by the bare re-union of ſome 
parts, the very ſame matter, without addition, may be brought again to- 
0 e a body of the like nature with the former, tho not of equal 
bulk. 

In this manner we attempted the diſſipation and re- union of the parts of 
common amber: and tho* chymiſts, for fear of breaking their veſſels, when 
they commit it todiſtillation, add ſand, brick-duſt, c. thereto, yet we 
found, that if the retort were not too full, and the fire ſlowly and warily 
applied, the addition of any other body was needleſs. Wherefore, having 
put into a glaſs-retort, four or five ounces of amber, and applied a gentle, 
gradual heat, we obſerved the amber to melt and bubble ; and having ended 
the operation, and ſever'd the veſſels, there was come over, in the form of 
oil, ſpirit, phlegm, and volatile ſalt, near half the weight of the concrete: 
upon breaking the retort, we found in the bottom of it, a cake of coal-black 
matter, whoſe upper ſurface was ſo exquiſitely poliſhed, as to fit it to ſerve 
for a looking-glaſs; and this ſmooth maſs being broken, the larger fragments 
appeared with an excellent luſtre. All theſe parts of the amber, being 
again put together, into a glaſs-body, with a blind head luted to it, were- 

laced in ſand, to be incorporated by a gentle heat; but the fire having 
n raiſed too high, it forced the veſſel out of the ſand, and broke off the 
cop, 


the orgin of forms, from the manner, by which ſuch a convention of /hew the origin 
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'Paysics, top. The remaining matter, reſembling tar, was capable of being, with 
a gentle heat, poured out like a liquor; and, when cold, it would ſtick 


to the fingers: yet this opened body will not communicate ſo much as a 
tincture to ſpirit of wine; but with oil of turpentine, it diſſolves into a 
blood-red balſam, uſeful, perhaps, in chirurgery. 

In our attempts to renew vitriol, turpentine, and ſome” other concretes, 
we found more difficulty, than every one would expect. The bodies, on 
which ſuch experiments are likelieſt ro ſucceed, ſeem to be alum, ſea-ſalt, 
and vitriol. Tho' we found it troubleſome to take the principles of alum 
aſunder, without a mixture of ſome foreign matter, which would hinder the 
reſtoration of the ſeparated parts. So, likewiſe, if ſea-ſalt be diſtilled, as 
uſual, with thrice its weight of burnt clay, or beaten brick, that will prove 
inconvenient in its redintegration ; and if it be diſtill'd alone, it is apt to 
flux by heat, and whilſt it remains in fuſion, will ſcarce yield any ſpirit at 
all. As for vitriol, tho' the redintegration of it might ſeem to be leſs hope- 
ful, than that of the other ſalts, becauſe it conſiſts not only of a ſaline, but 
of a metalline body; yer, as there needs no caput mortuum in the diſtillation 
of it, we made two or three attempts, and ſeemed to miſs rather upon ac- 
count of accidental hindrances, than of any inſuperable difficulty in the 
thing itſelf : for in our attempts to re-unite the liquors forced off by diſtil- 
lation, with the caput mortuum, we ſometimes obtained ſhoots of pure vi- 
triol. I likewiſe, digeſted, for ſeveral weeks, a quantity of powdered anti- 
mony, with a greater weight by half of oil of vitriol ; and having commit- 
ted this mixture to diſtillation, obtained, beſides a little liquor a conſide- 
rable quantity of combuſtible antimonial, or antimonio-vitriolate ſulphur ; 
there remaining at the bottom of the retort, a light, and very friable caput 
mortuum, all the upper part of which was as white as common wood-aſhes, 
while the reſt looked like a cinder. This caput mortuum we committed toa 
naked fire, in a ſmall glaſs-retort, well coated, and accommodated with a re- 
ceiver, for many hours; and, at length, dis joining the veſſels, we found no 
antimonial quick-ſilver, and much leſs of ſulphur ſublimed than we expected. 
The caput mortuum was fluxed into a maſs, covered with a thin cake of glaſs; 
fragments whereof being held againſt the light, were as colourleſs as com- 
mon white glaſs. The lump above-mentioned being broken, was found to 
be perfe& black antimony, adorned with long ſhining ſtreaks, like common 
antimony ; only this ſeemed to have been a little refined, by the ſequeſtra- 
tion of its unneceſſary ſulphur ; which ingredient ſeems, by this experiment, 
to abound more in ſome particular parcels of that mineral, than is abſo- 
lutely requiſite to the conſtitution of antimony. But among all my trials, 
about the redintegration of bodies, that which ſeemed to ſucceed beſt, was 
made upon turpentine : for having taken ſome ounces of this, very pure, 
and good, and put it into a glaſs-retort, I diſtill'd it with a very gentle 
fre, till it was ſeparated into a large quantity of very clear liquor, and a 
caput mortuum, very dry and brittle ; then breaking the retort, I powdered 
the caput mortuum, which, when taken out, was tranſparent, exceeding 


ſleek, and very red ; but being powdered, appeared of a pure yellow _— 
is 
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geſtion in a large glaſs exquiſitely ſtopped, that colour began to grow fainter ; 
tho? the remaining part of the powder was perfectly diſſolved, and ſo well 
re-united to the more fugitive parts of the concrete, that ſcarce any perſon, 
by the ſmell, taſte, - or conſiſtence, would take it for other than good 


turpentine. 


SECT. VL 


philoſophy, as far as is neceſſary towards underſtanding the productions 


proper to add, by way of recommendation thereof, ſuch fats as led me to 
this doctrine, or as I was directed to diſcover by the notions I had embra- 
ced. And ſince I appeal to the teſtimony of nature, I ſhall ſer down ſome 
obſervations of what ſhe does without affiſtance, and ſome experiments 
wherein ſhe is A by art. The obſervations will be the more ſuitable 
to our deſign, for being common and familiar; and the experiments, for be- 
ing few in number, and pregnant in phenomena. 

1. The firſt obſervation ſhall be fetched from what happens in an egg, 
which undergoes very great changes, when it is by incubation turned into 
a chick. A prolific egg contains two liquors, each of them apparently fi- 
milar : for tho* the white and the yolk ſeem to be diſſimilar, by the diffe- 
rent ſubſtances they afford in diſtillation ; yet it would be hard to prove, 
that one part of the white, for inſtance, will not be made to yield the ſame 
different ſubſtances by diſtillation, with any other part of the ſame : and 
bones themſelves, with other hard parts of a human body, which are con- 
feſſedly ſimilar, will, by diſtillation, afford ſalt, phlegm, fpirit, oil, and 
earth, as well as the white of an egg. Now, by bare concuſſion, this white 
may be reduced from a tenacious, to a fluid body : and the rudiments of 
the chick, lodg'd in the cicatricula, are nouriſned only by the white for 
ſome time; the yolk being, by providence, reſerved as a more ſolid aliment, 
when the creatureis grown ſtrong enough to digeſt it; ſo that we may ſee the 
chick furniſhed with head, wings, legs, beak, claws, Cc. whilſt the yolk 
appears untouched. But whether this obſervation about the entireneſs of the 
yolk, be preciſely true, it is not very material; fince the yolk itſelf, being, 
likewiſe, a ſimilar fluid, is ſufficient for the preſent purpoſe. Now, the nu- 
tritive liquor of an egg, being brooded on by the hen, will, within two or 
three weeks, be tranſmuted into a chick, furniſhed with organical parts, 
as eyes, ears, wings, legs, Cc. of a very differing fabric; and with a great 
number of ſimilar ones, as bones, cartilages, ligaments, tendons, mem- 
branes, Sc. which differ much in texture from one another; beſides the 
liquors, as blood, chyle, gall, &c. contained in. the ſolid parts. In a word, 
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This powder we carefully mixed with the liquor diſtill'd from it, which im- Physics. 
mediately diſſolved part of it into a deep red balſam: but by farther di- CLFWNy 


HUS I have endeavoured to give the ſubſtance of the corpuſculan oH ee s? 


and changes of particular qualities. And as theſe principles are built upon rigis of form: 
the phenomena of nature, and deviſed in order to explain them, I think * 9##litie» 
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Parsres. we have here produced, out of ſuch an uniform matter, as the white of an 
egg, firſt, many new kinds of qualities, as colours, odours, taſtes, heat, 


hardneſs, ſmoothneſs, roughneſs, &c. ſecondly, qualities uſually diſtin. 
iſhed from ſenſible ones, as fluidity, conſiſtence, flexibility, ſpringineſs 
S. and, thirdly, occult properties, ſince, as phyſicians obſerve, ſome birds 
afford ſpecific medicines in the falling-ſicknefs, hyſteric fits, and other 
diſtempers. CLINE. 

If it be here alledged, that the chick, with all its parts, is not an engine 
mechanically contriv'd, but fafhion'd out of matter by the ſoul of the bird, 
| lodged chiefly in the cicatricula, which by its plaſtic power faſhions the 
obſequious matter, and becomes the architect of its own manſion; I au- 
ſwer, that this invalidates not what I intend to prove from it : for, let the 
plaſtic principle be what it will, yet being a phyſical agent, it muſt a& 
after a phyſical manner ; and having no other matter ro work upon, but 
the white of an egg, it can, conſequently, only divide the matter into mi- 
nute parts of ſeveral ſizes and ſhapes, and, by local motion, variouſly con- 
tex them, according to the exigency of the animal to be produced; tho 
from ſo many various textures of the produced parts, there muſt naturally 
reſult various differences of colours, taſtes, conſiſtences, and many other 
qualities. We are here to conſider, not what is the agent, or efficient, in 
theſe productions; but what is done to the matter that affords them. And 
tho* ſome birds, by an inbred skill, very artificially build their neſts ; na- 
ture only enables them to ſele& the materials thereof, and, by local mo- 
tion, to divide, tranſport, and connect them after a certain manner, And, 
when man himſelf, who is, undoubtedly, an intelligent agent, is to raiſe a 
building, or form an engine, he may, indeed, by the help of reaſon and 
art, skilfully contrive his materials; ſtill, all he can do, is but to move, di- 
vide, tranſpoſe, and ſet together the ſeveral parts, into which he is able to 
reduce the matter aſſigned him. Nor need we imagine, that the ſoul of 
that hen, which having firſt produced the egg, after a while firs on it, hath 
.any peculiar efficiency in hatching of a chick ; for the egg might be as well 
hatch'd by another hen, tho” that which laid it were dead : nay, in ſome 
places, eſpecially in Ægypt, there needs no bird at all to produce a chick 
out of an egg, where multitudes of eggs are hatch'd by the regulated heat 
of ovens and dunghills. 

2. Water being eſteemed an elementary body, and far more homogeneous 
than any other fluid; it will make very much for our purpoſe, to ſhew, that 
by a different texture of its parts, it may be brought to conſtitute bodies of 
very different qualities. And this it does by nouriſhing vegetables: for 
thus all, or the greateſt part, of that which would accrue to a vegetable ſo 
nouriſhed, appears to have been materially water ; with what foreign qua- 
lity ſoever it may afterwards, when tranſmuted, be endowed. Helmont men- 
tions an experiment of this nature, made with a willow, ſet in a pot of earth, 
which for ſeveral years he fed with rain- water. And we may conjecture at 
the eaſy tranſmytableneſs of water, by what happens in gardens ** or- 
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chards, where the ſame ſhowers of rain, after a long drought, cauſe a great Physics. 
number of differing plants to flouriſh. But theſe things do not fully reach NN 


our caſe, becauſe it may be objected, that rain- water cauſes not theſe plants 
to thrive and flouriſh, by immediately affording them the aliment they 
aſſimilate into their own ſubſtance ; but by proving a vehicle to the ſaline 
ſubſtances of the earth, itſelf being inſenſibly, afterwards, exhaled in va- 
pour. And, indeed, experience ſhews us, that ſeveral plants, which 
thrive not well without rain-water, are not yet nouriſhed by it alone ; ſince 
when corn and fruit-trees have conſumed the ſaline and ſulphureous juices of 
the earth, they will not proſper there, how much rain ſoever falls upon the 
land, till by dung or otherwiſe, it be again ſupplied with proper jaices. 
Wherefore I attempted to make plants grow in vials fill'd with nothing but 
water; and found, that vinca pervinca, raphanus aquaticus, ſpear- mint, and 
even ranunculus, grew and proſper'd very well therein; yet ſome of theſe 
were only {lips without roots. Several were left in the water all the au- 


tumn, and a great part of the winter; and at the end of January, were 


taken out green, and with fair roots, which they had ſhot in the water : 
particularly a branch of raphanus aquaticus, was kept full nine months ; and 
during that time withered not, tho” it paſs'd the whole winter; and was 
taken out with many fibrous roots, ſome green buds, and an increaſe of 
weight. A ſtump of ranunculus proſpered in the water fo, that, in a 
month's time, it attained to more than double the weight it had when firſt 
put in. And another piece of ranunculus being taken out ſix months after 
it was put in, weighed almoſt a dram and an half, which was above thrice 
as muchas it did at firſt : and this circumſtance demonſtrates a real aſſimila- 
tion and tranſmutation of water into the ſubſtance of the vegetable. Hence 
I infer, that the ſame corpuſcles, which, convening together after one manner, 
compoſe that fluid, inodorous, colourleſs, and inſipid body, water, being ranged 
after a different manner, may conſtitute different concretes, poſleſs'd of 
firmneſs, opacity, odours, taſtes, colours, and ſeveral other manifeſt qua- 
lities ; and theſe too very different from one another. Beſides, theſe diſtinct 
portions of tranſmuted water may have many other qualities, without ex- 
cepting thoſe, which are called ſpecific or occult ; witneſs the ſeveral medi- 
cinal virtues attributed to ſpear- mint, to vinca pervinca, marjoram, and 
raphanus aquaticus. If it be here pretended, that the ſolid ſubſtance ac- 
cruing to a plant in water, proceeds not from the water itſelf, but from the 
nitrous, fat, and earthy ſubſtances, which may be preſumed to abound, 
even in common water ; I reply, that, tho' as to Everal plants, which 
flouriſh after rain, I am apt to think, they may in part be nouriſhed, as 
well by the ſaline and earthy ſubſtances, ro which the rain uſually proves a 
vehicle, as by the rain itſelf ; yet as to plants which grow in glaſſes filled 
with pure water, this ſhould not be barely aſſerted, but proved“; which, 


Dr. Meod ward has made ſeveral curious | diſtillation, Sc. not wholly ſeparable from 
experiments, to ſhew, that mere elemen- its vehicle, water, is abſolutely neceſſary 
tary water will not ſuffice for the vegeta- | thereto. See Phile/. Tranſ. N* 253. p. 193 
tion of plants ; but that a terreſtrial matter | 207. 
contain d in, and, by repeated filtration, 
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Pnys1cs. perhaps, is not eaſy to be done, conſidering how vaſt a quantity of fair 


water muſt be exhaled away, to obtain even an ounce of dry reſidence, 
whether ſaline or earthy. | 

3. That a plant growing in the earth doth attract, by virtue of its vege- 
tative ſoul, the juices of the earth within its reach, and ſelecting the parts 
agreeable ro its nature, refuſe the reſt, is the general opinion; and, there- 
fore, many are not ſurprized, when a tree bears fruit, that is ſour or bitter, 
becauſe they preſume, nature, in the root of the tree, has culled out ſuch 
parts of the alimental juice of the earth, as, convening into fruit, are fit 
to give it ſuch a quality. But it is worth for our preſent purpoſe, 
what happens, both in ordinary graftings, and eſpecially in inoculation : 
for tho” we may preſume, that the root of a white-thorn, may electively 
attract irs aliment hom the earth, to produce the fruit, which is proper to 
it ; yet we cannot ſuppoſe, that it ſhould, in its attraction of aliment, have 
any deſign of providing an appropriate nutriment for a-pear : bur, we 
know, that the cions of a pear-tree will take very well upon a white-thorn- 
ſock, and yield fruit, very different, in many qualities, from that of the 
white-thorn. And, tho” apples and pears are ſeldom propagated bur by 
grafting, yet they may be ſo by inoculation; which ſeems to be but a kind 
of grafting with a bud. Now, in the inoculations, made upon fruit-trees, 
it 1s obſervable, that a little vegetable bud, often not ſo big as a pea, is 
able ſo to tranſmute all the ſap which arrives at it; that, tho' this ſap be 
already in the root, and, in its paſſage upwards, determined by nature's in- 
tention, as men ſpeak, to the production of fruit, natural to the ſtock ; 
it ſhould yet, by ſo ſmall a vegetable ſubſtance, be ſo far changed, as to con- 
ſtitute a fruit quite otherwiſe qualified, than the genuine product of the 
tree; which, at the ſame time, is actually produced by thoſe other portions 
of the like ſap, that happened to nouriſh ſuch prolific buds, as are the 
genuine off-ſpring of the ſtock : ſo that the ſame ſap, which, in one part of 
a branch, conſtitutes a cluſter of haws, in another part of the fame branch, 
may conſtitute a pear. And, what is farther remarkable, nor only the fruits 
made of the ſame ſap, often differ from one another, in ſhape, bigneſs, 
colour, odour, taſte, and other obvious qualities; but tho* the ſap itſelf, 
be a wateriſh, and, almoſt, inſipid liquor; yet it is not only convertible, 
by buds of ſeveral natures, into different fruits, but in one and the ſame 
fruit, the tranſmuted ſap, ſhall, by different textures, be made to exhibit 
very different, and ſometimes contrary qualities. As when a peach-bud 
not only changes the fap, which comes to it, into a fruit, very differing 
from that, which the ſtock naturally produces; bur into parts very different 
from one another in the ſame fruit. From inoculations, therefore, we learn, 
that a liquor ſeemingly homogeneous, may, by being variouſly ſtrain'd, be 
tranfmuted into bodies, endowed with new ſcents, colours, taſtes, ſolidity, 
medicinal virtues, and many other qualities, manifeſt and occult. If it be 
ſaid, that theſe qualities are the productions of the plaſtic power, reſiding 


in prolific buds, the ſame anſwer will ſerve, as to the like obje&ion in the 
grit obſervation. | 


4. 'The 
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4. The laſt obſervation I ſhall, at preſent, mention, is, of rotten cheeſe ; Physics. 
for if we take notice of the difference betwixt two parts of the ſame cheeſe, CLYV 
whereof the one continues ſound, by preſerving its texture, whilſt the other 
hath ſuffered that alteration we call — ; we may, often, ſee a ma- 
nifeſt change in the ſeveral portions of a body, which was before ſimilar ; 
for the rotten part will differ from the ſound in its colour, its odour, its 
taſte, and ſeveral other qualities: and if, with a good microſcope, we view 
the mouldy parts of ſome cheeſes, we ſhall diſcover therein ſwarms of little 
animals, furniſhed with variety of parts of different ſizes, ſhapes, textures, 

Cc. and perceive a yet greater diverſity, as to manifeſt qualities, betwixt 
the mouldy part of the cheeſe, and the untainted, than were viſible to the 


naked eye. | | 
SECT. VII. 
WE come now to our experiments about qualities. Experiments ts 
I. Into good clear oil of vitriol, throw a convenient quantity of = -—— 
4 Kies 


camphire, groſly beaten, and, after a while, it will run into a liquor; and, and I, can 
by ſhaking, mix with the oil; as, alſo, impart thereto, firſt a yellow, then ar larry. 
a red colour, and, at laſt, bring it to be opake and ſcentleſs : but, if into it ſeem'd to be 
this liquor, be poured a due proportion of fair water, it immediately be- 6 
comes pale, and the camphire emerges in its own nature and form, white, 
combuſtible, and odorous. 
The phenomena of this experiment afford us ſeveral particulars to our 
preſent purpoſe. (1.) We here ſee a light conſiſtent body, brought, by com- 
minution, to ſwim and mix with a heavy liquor, on which it floated be- 
fore; but as gold diſſolv'd in Aqua regia, is thereby kept from ſinking, theſe 
inſtances, compared together, ſnew, that when bodies are reduced to very 
minute parts, we muſt as well conſider their particular texture, as the re- 
ceived rules of hydroſtatics, in determining whether they will fink, or 
float. (2.) This experiment alſo ſhews, that ſeveral colours, and even 
a very deep one, may ſometimes be produced by a white body, and a clear 
liquor; and that without the intervention of fire, or any external heat. 
(3.) That this colour may be deſtroy'd, and the whiteneſs reſtored by the 
addition, only, of fair water; which, alſo, receives neither the colour it 
deſtroy*d, nor that it reſtored. For, (4.) the opacity of the ſolution E 
ſently vaniſhes, and that menſtruum, with the water, makes up (as ſoon 
as the corpuſcles of the camphire come to float) one tranſparent liquor. 
(5.) Ir is alſo worth noting, that upon the mixture of a liquor, which renders 
the whole much lighter, a body is made to emerge, that did not fo before. 
And here I cannot but obſerve, how little the ſchool-diſtinction, of elements 
loſing their forms in mixed bodies, is favoured by this experiment; wherein 
even a mixed body (for ſuch is camphire) doth, in a farther mixture, re- 
tain its form and nature, and may be immediately ſo divorced from the 
body, to which it was united, as to return, in a moment, to the manifeſt 


exerciſe of its former qualities. (6.) But the notableſt thing in the experi- 
Ll 2 ment, 
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physics. ment, is, that odours ſhould depend ſo much u texture; that one of the 
A ſtrongeſt- ſcented drugs, ſhould quite loſe its ſcent, by mixing with a body 


that hath none of its own. (7.) Nor is it leſs conſiderable, that ſo ſtrong a 
ſcent ſhould be produced in a mixture, wherein none could be perceived 
before, by ſuch a liquor as water ; which is quite deſtitute of any odour, 
And ſo eaſy a reſtoration of the camphire to its native ſcent, as well as 
other qualities, likewiſe argues, that the union or texture of the two 
ingredients, the camphire and the oil of vitriol, was but very ſlight ; upon 
which, nevertheleſs, a great alteration, in point of qualities, enſues. And 
ro confirm that ſeveral of the preceding phenomena depend upon the 
particular texture of the liquors here employ'd, it may be obſerved, thar if 
inſtead of oil of vitriol, ſpirit of nitre be made uſe of; not a red or dark, 
but a tranſparent and colourleſs ſolution will enſue. And when to the 
above-mentioned red mixture, I put, inſtead of fair water, about two or 
three parts of duly rectiſied ſpirit of wine, there would follow no ſuch 
changes; but the ſpirit of wine, that acquires no colour by diſſolving the 
concrete apart, yet took out of the mixture its adventitious colour, which 
ſubſiſted not before in either ingredient, But by proſecuting the experiment 
a little farther, we made it afford us ſome new phenomena. For, (8.) having 
kept the mixture in a warm place, and diſtill'd it out of a glaſs-retort, the 
liquor which came over, had a ſtrong ſcent, quite different both from that of 
the mixtureand the camphire ; the remaining maſs being coal-black, and ſome 
of its parts looking like poliſhed jet: which is the more conſiderable, be- 
cauſe tho* vegetable ſubſtances uſually acquire a blackneſs from the fire; yet, 
neither liquors that have already been diſtill'd, obtain that colour upon re- 
diſtillation, nor have we, upon trial, found, that camphire expoſed to the 
fire in a retort, fitted with a receiver, would at all acquire a jetty colour. 
(9.) We farther learn by this experiment, that notwithſtanding the great 
volatility of camphire, yet here it is ſo reſtrained, that the caput mortuum, 
juſt mentioned, endured a ſtrong fire in the retort, before it was reduced 
to that pitchy ſubſtance : and, afterwards, bore a much ſtronger, for above 
half an hour, in a covered crucible, without yielding any fcent : fo much do 
the fixity and volatility of bodies depend upon texture. 

2. Among many experiments made with ſublimate, to manifeſt, that new 
qualities are producible in bodies, as the effects of new textures, I ſhall here 
only produce ſuch wherein copper, ſilver, and gold, were uſed. And, firſt, 

we took half a pound of copper-plates, each about an inch broad, and of 
the thickneſs of a grain of wheat, and of any length ; then caſting a pound 
of groſiy- beaten Venetian ſublimate into the bottom of a deep glaſs-retort, we 
placed the copper- plates upon it, that the fumes of the ſublimate might, in 
their aſcent, act upon the metal; and fixing this retort deep in a ſand-fur- 
nace, and adapting to it a ſmall receiver, we gave it a gradual fire for ſeven 
or eight hours, and at length increaſed the heat. The ſucceſs was, (1.) 
there came little or no liquor over, but the neck and upper part of the 
retort were candied on the inſide, by the ſublimate adhering to them, in 
quantity above ten ounces ; and in the retort, we found two ounces and 
| 3 
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matter made a no 
this we found to be a more conſtant circumſtance, than the revival of the 
mercury ; for upon another trial, with the former proportions, we found 
but a few grains of it either in the retort or receiver. (3.) The metalline 
lump at the bottom of the retort increaſed in weight above two ounces ; 
ſome of the copper · plates, lying at the bottom of the maſs, yet retained 
their figure, and malleableneſs ; which we aſcribed to their not having been 
thin enough, to be ſufficiently wrought upon by the ſublimate : the others, 
which were much the greater number, had wholly loſt their metalline form, 
and were melted into a very brittle lump, which I can compare to nothing 
more fitly than a lump of good benjamin: for this maſs, tho* ponderous, 
was no leſs brittle, and being broken, appeared of various colours, which 
ſeemed to be almoſt tranſparent, and in ſome places it was red, in others of 
a high amber colour, and in others again, darkiſh and mixed. (4.) Bur 
this maſs being broken into ſmaller lumps, and laid upon a ſheet of white 
paper in a window, was, by the next morning, covered with a lovely greeniſh 
lue, almoſt like that of the beſt verdigreaſe; and the longer it lay in the air, 
the more of the internal parts of the fragments paſſed into the ſame colour : 
but the white paper, which, in ſome places they ſtained, ſeemed dyed of a 
green colour, inclining to yellow. (5.) In ſome trials we obſerved, that 
little copper-plates, from which the ſublimate had been drawn off, retain'd 
their ſhape and metalline nature, but were whitened over like ſilver, and 
continued ſo for ſeveral months; and upon breaking them, we found this 
filver colour had penetrated quite through them, and appear'd more beau- 
tiful in the very body of the metal, than on its ſurface. (6.) In this me- 
talline gum, the body of the copper appeared ſo changed, and opened, that 
when caſt upon a coal, and a little blown, it would partly melt and flow 
like roſin, and partly flame and burn like ſulphur ; and ſo inflammable was 
it, that held to a candle, or a piece of lighted paper, it would, almoſt in a 
moment, take fire, and flame like common ſulphur ; only ic ſeemed to incline 
more to a.greeniſh colour. 
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a quarter of * mercury. (2.) Upon increaſing the fire, the melting Phrsics. 
iſe in the retort, not unlike that of a boiling pot; and. 


We next made the experiment with ſublimate and ſilver ; wherein were Ute filver. 


taken of the pore coined filver, ten thin plates, on which we caſt double 
the weight of ſublimate, in a ſmall and ſtrongly- coated retort. This mat- 
ter being ſublimed in a naked fire, we found the ſublimate almoſt totally 
aſcended to the top, and neck of the retort; in the latter of which ap- 
peared ſome revived mercury : at the bottom of the retort, was found a 
little luxed lump of matter, which it was ſcarce poſſible to ſeparate from 
the glaſs 3 but having, with much ado, divorced them, we found it brittle, 
of a pale yellowiſh colour, about the weight of the metal on which the ſub- 
limate had been caſt ; and in the thicker part of this lump, there appeared, 
when broken, ſome part of the ſilver plates, which, tho” brittle, ſeemed not 
to have been perfectly diſſolved. This roſin of ſilver, did, like that of the 


copper, but more ſlowly, imbibe the moiſture of the air; and within about 


twenty four hours, was covered. with a greeniſh duſt : ſome ſmall W 
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of this roſin being caſt upon red-hot ooals, waſted themfelves in a flame, 
not very different, colour, from that of the rofin of copper,” but' proved 
more durable, than one would have expected from fo ſmall a quantity of 
matter. But ſuſpecting that the copper, uſually mixed as alloy with our 
coined ſilver, might have too much influence here, we afterwards try'd it 
with refined ſilver, which but little altered the fucceſs. And it is re- 
markable, as ſilver is a fixed metal, and accounted indeſtructible, that it 
ſhould, by ſo ſlight an operation, and with ſo ſmall an addition of other 
matter, be ſo ſtrangely diſguiſed, and have its qualities ſo altered. For, 
firſt, tho pure filver and ſublimate, are both eminently white, yet the maſs 
we are ſpeaking of, was partly of a lemmon or amber colour, or a deep ame- 
thyſtine, and partly of fo dark an one, that it appeared black; and ſome- 


times in a fragment, which ſeemed to be one continued piece, the upper 


part would be of a light yellow, and the lower very obſcure, and almoſt 
black. Next, whereas ſilver is one of the moſt opake bodies in nature, and 
ſublimate a white one, the produced maſs was, in a great part, tranſparent, 
like good amber. Thirdly, the texture of the filver was exceedingly altered; 
for inſtead of being flexible, it appeared like horn, and more apt to crack and 
break, than bend. Fourthly, tho' ſilver will Tong! endure the fire before it 
be brought to fuſion, our mixture would eaſily melt, not only upon quick- 
coals, but in the flame of a candle; tho? this roſin, or gum of our fixed 
metal, did not, like that of copper, tinge the flame of a candle, or produce, 
when laid on glowing coals, either a green or bluiſh colour. 


er gold, But farther to diſcover how much theſe operations of the ſublimate on 


new ſublimate, after the aforeſaid manner, we had in the bottom of the re- 


copper and ſilver depend upon the particular texture of the bodies, I took 
two parcels of gold, the one common, in thin plates, and the other very 
well refined; and having caſt each of theſe into a diſtinct urinal, upon no 
leſs than thrice its weight of groſly-beaten ſublimate, I cauſed the ſublimate 
to be, in a ſand-furnace, elevated from the gold ; but found not, that either 
of the two parcels of that metal was manifeſtly altered thereby: whether in 
caſe, the gold had been reduced to very minute particles, ſome kind of 
change might have been made in it, I will not ſay ; but am confident, that 
theſe. operations depend very much upon the particular texture of the 
body, from whence the ſublimate is elevated. Such experiments may 
probably be farther improved, by employing various and new kinds of ſub- 
limate. And to ſhew that ſeveral other things may be fublimed up together, 
either with crude mercury, or with common ſublimate, this inſtance may 
be added. Having cauſed about equal parts of common ſublimate, and ſal- ar- 
moniac to be well powdered, and incorporated; by ſubliming the mixture in 
ſtrong and large urinals, placed in a ſand- furnace, we obtained a new kind 
of ſublimate, differing from the former: for dropping a little reſolved ſalt 
of tartar upon the ſolution of common fublimate, it immediately turns of 
an orange-tawny colour; but droppiog the ſame liquor upon the ſolution of 
the armoniac ſublimate, it preſently changed into a liquor reſembling milk. 
And having, from four ounces of copper- plates, drawn fix ounces of this 


tort 


4 
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tort a cupreous roſin, not much unlike that made by copper and common Phrsics. 
ſublimate; and this roſin, did, like the other, begin, in the moiſt air, ſoon &. 


- 


to degenerate into a kind of verdigreaſe: but it was ſingular in this opera- 
tion, that not only ſome of the ſublimate had carried up, to a conſiderable 
height, enough of the copper to be manifeſtly coloured by it, of a ſine bluiſh 
reen; but into the receiver there was paſſed near an ounce of liquor, which 
{melt almoſt like ſpirit of ſal-armoniac, and was tinged like the ſublimate: 
yet I judged not this way the moſt effectual for improving common ſubli- 
mate; being apt to think, that it may, by convenient liquors, be fo far ad- 
vanced, as to be made capable of opening the body of gold itſelf, and pro- 
duce it in ſueh changes, as chymiſts often in vain attempt. 

3. Another experiment to ſhew how the like qualities in bodies may be The proce; o | 
produced by different ways, provided a like change of texture be made by 4% Es cor- 
them, we have from the proceſs of the Luna cernea ; in which we take refi- 
ned ſilver, beaten into thin plates, and diſſolving it in about twice its weight 
of good Aqua fortis, filtrate the liquor carefully to obtain a clear ſolution: 
into this we drop good ſpirit of falt, till it will no more curdle; then put- 
ting the whole mixture in a glaſs-funnel, lined with cap-paper, and letting 
the moiſture drain through, we dry, with a gentle heat, the ſubſtance that 
remains in the filtre ; firſt waſhing it from the looſly-adhering ſalts, by ler- 
ting fair water run through jt ſeveral times, whilſt it yet continues in the 
filtre. This ſubſtance, being well dried, we put into a glaſs vial, which we 
ſet upon quick-coals, firſt covered with aſhes, and then freed from them, 
and melt the contained ſubſtance into a maſs, which kept for a while in 
fuſion, gives us the Luna cornea. If we firſt reduce the filver into cryſtals, 
and afterwards proceed with ſpirit of ſalt, in the manner deſcribed, we 
have the exceedingly opake, malleable, and hardly fuſible body of ſilver, by 
the convenient interpoſition of ſome ſaline particles, not amounting to the 
third part of the weight of the metal, reduced into cryſtals, which both 
ſhoot in a peculiar and determinate figure, differing from thoſe of other 
metals, and are, alſo, tranſparent and brittle, and much more eaſily fuſible, 
than ſilver itſelf; not to mention other qualities. 

Here we obſerve, (1.) That tho? ſpirit of ſalt be an highly acid liquor; 
and tho acid liquors and alkalies have quite contrary operations, the one 
precipitating, What the other would diſſolve, and diſſolving what the other 
would precipitate; yet, in this caſe, as neither oil of tartar per deliquium, 
nor ſpirit of ſalt will diſſolve filver ; ſo, both the one and the other, preci- 
pitate it: which may paſs for a proof, that the precipitation of bodies de- 
pends not upon acid or alkali, but upon the texture of the bodies, which 
happen to be mixed. (2+) We here find, that whiteneſs and opacity may be 
immediately produced by liquors, both of them tranſparent and colourleſs. 
(3.) That a white powder may, by a gentle heat, be reduced into a mals, 
indifferently tranſparent, and of a fair yellow. (4.) That tho? ſilver requires 
ſo ſtrong a fire to melt it, and may be long kept red-hot, without being 
brought to fuſion ; yet, by the aſſociation of ſome ſaline particles, conve- 
niently mixed therewith, it may be made ſo fulible, as to be quickly 3 

either 
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Pursics. either in & chin val, or at the flame of a candle, where it will flow almoſt like 
n. () It may, alſo, be noted, that tho? the ſolution of filver, and the 
ſpirit of ſalt, would, either of them a- part, have readily diſſolved in water; 
yet, when they are mixed, they, for the moſt part, coagulate together into a 
fubſtance, which will he undiſſolved in water; and is ſcarce ſoluble either in 
Aua fortii, or ſpirit of ſalt. (6.) It is remarkable, that the bodyof ſilver be- 
ing very flexible, and malleable, it ſnould yet, by the addition of ſo ſmall a 
proportion of ſalt, be made of a texture ſo different from that of either of its 
ingredients; being wholly unlike, either a ſalt or a metal, and very like in 
texture to a piece of horn. And to ſatisfy myſelf how much the toughneſs 
of this metalline horn depended upon the texture of the compoſition, re- 
ſulring from the reſpective textures of the ſeveral ingredients, I precipitated 
a a ſolution of filver with the diſtill'd ſaline liquor, commonly called oil of 
vitriol, inſtead of fpirit of ſalt ; and having waſhed the precipitate with 
common water, I found, that by being fluxed in a moderate heat, it afforded 
a maſs, in appearance, like the concrete we are ſpeaking of; but wanting 
its toughneſs, being brittle enough to be eaſily broken. (7.) And tho? a ſo- 
lution of filver is the very bittereſt of liquors, and the ſpirit of ſalt far ſourer 
than the ſharpeſt vinegar ; yet theſe two liquors are ſoon eaſily reduced into 
an inſipid ſubſtance ; notwithſtanding the ſalts, which made both the ſilver, 
and the precipitating ſpirit ſo ſtrongly taſted, remain aſſociated with the me- 
tal. And, laſtly, it is very ſtrange, that tho' the ſaline corpuſcles, which 
give the efficacy both to Aqua fortis, and to ſpirit of ſalt, are not only ſo vo- 
latile, that they will eaſily be diſtilled with a moderate fire, but ſo fugitive, 
that they will in part fly away of themſelves in the cold air ; yet, by virtue 
of the new texture they acquire, in aſſociating themſelves with the corpuſcles 
of the filver, they obtain a ſufficient degree of fixedneſs to endure melting 
with the metal. Nor in melting this maſs in a thin vial, could I perceive 
any ſenſible evaporation of the matter: nay, having afterwards put a par- 
cel of it upon a quick coal, it ſuffered fuſion, and ran off, without appearing 

| do be other than Luna cornea, as it was before. 

Vnſual bens- 4. I ſhall next produce the phenomena ariſing in the proceſs of a ſalt, 
pry he which, contrary to my cuſtom, I muſt conceal. And, firſt, tho? the ſeveral 
ſalt. ingredients of this ſalt were purely ſaline, and more ſo than brine, or ſourer 
than the ſtrongeſt vinegar ; yet the compound is ſo far from being eminently 
ſalt, ſour, or inſipid, that it is rather ſweet, than of any other taſte ; tho 
its ſweetneſs be of a peculiar kind : and this is the only inſtance, I remem- 
ber hitherto to have met with of ſalts, which compoſe a ſubſtance really 
ſweer. Farther, tho* its odour be not ſtrong or offenſive, yet if it be urged 
with heat enough to evaporate it haſtily, it emits a ſtench, more inſupport- 
able than that of Aqua fortrs ; yet, when theſe fumes ſettle again into a ſalt, 
their odour will again prove mild, and inoffenſive, if not plealant. Thirdly, 
tho? all the known volatile, acid, and lixiviate ſalts, may be deſtroy'd by one 
another; as ſpirit of urine mixed with ſpirit of ſalt, or Aqua fortis, will make 
great ebullition, and loſe its peculiar taſte, and ſeveral of its other quali- 
ties; and as ſalt of tartar, and other alkalies, will be deſtroy'd, _ ebul- 
ition, 
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lition, by Aqua fortis, ſpirit of ſalt, or almoſt any other ſtrong ſpirit of that Physics. 
family; and j tho” ſpirit of ſalt, and Aqua fortis will be deſtroy'd, both bj 
animal volatile ſalts, and by the fixed ſalts of vegetables: yet our ſalt ſeems | 
above being thus wrought upon by any of the three; and is the only body I 
know, which would not fret, either with oil of tartar per deliquium, ſpirit 

of ſal-armoniac, * ſpirit of ſalt, or oil of vitriol. But this is not the 

only way I try'd it; for I found, that it would not turn ſyrup of violets 
either red, as-acid ſpirits do, or green, as both fixed and volatile ſalts will ; 

nor would the ſtrongeſt ſolution of it change a clear one of ſublimate in 
common water, either white, as ſpirit of urine, ſal- armoniac, or others of 

the ſame family ; or into an orange-tawny, like ſalt of tartar, and other al- - 
kalies; but left it tranſparent. In conjunction, however, with ſpirit of 

ſalt, it would turn ſyrup of violets, red; and, with oil of tartar, green: 

which ſeemed to argue, that tho? our ſolution, as to ſenſe, was exquilitely 

united in the ſeveral mixtures,” it left them their reſpe&ive natures un- 
deſtroy'd, and retain'd its own : and yet this ſalt is ſo far from being 
languid, that Agua fortis, and oil of vitriol themſelves, are, in many caſes, 
unable to make ſolutions, and perform other things like it, as a menſtruum. 

Laſtly, tho” this ſalt be volatile of itſelf, yer diſſolved in liquors, it 

will even boil, without ſubliming, before the liquor be almoſt totally 
drawn off; whereas, the volatile ſalt of urine, blood, harts-horn, Oc. 
aſcend, before almoſt any part of the liquor they are diſſolved in. And 

tho” this be volatile, yet I remember not, that any fixed ſalt will run 

near ſo ſoon per deliquium ; but by abſtraction of the adventitious moiſture, 

it is eaſily reſtoxed to its ſaline form; nevertheleſs, it differs from ſalt 

of tartar, not only in fixedneſs, taſte, and other qualities ; but, alſo, in 

this, that whereas ſalt of tartar requires a vehement fire to flux it, a more 

ntle heat, than one would eaſily imagine, will melt our ſalt into a limpid 
liquor. And, whereas ſpirit of wine will diſſolve ſome bodies, and water 
many, which ſpirit of wine cannot, and oils will diſſolve ſome, for which 
neither of the other liquors are fit; our ſalt readily diſſolves both in fair 
water, in the higheſt rectiſied ſpirit ofwine, and in chymical oils themſelves. 

5- Our next experiment will ſhew what great changes may be effected by 4 a-foutativs 
the receſs of ſome particles, the acceſs of others, and the new texture of the N upon 
reſidue, even in inanimate, and ſcarce corruptible bodies. Take one eb abneft 
part of good ſea-ſalt, well dried and powdered, and put to it double its inns ible, 
weight of good Aqua fortis, or ſpirit of nitre; then having kept it for ſome 
time in digeſtion, diſtil it with a ſlow fire in a retort, till the remaining 
matter be quite dry, and no more ; for the ſubſtance, that will remain in 
the bottom of the glaſs, is the thing ſought for. 

As to the changes hereby effected, we may firſt take notice, that the 
liquor, which came over, was no longer an Aqua fortis or ſpirit of nitre, but 
an Aqua regis. 2. The taſte of the remaining ſubſtance comes, by this opera- 
tion, to be very much altered; for it retains not that ſtrong ſaltneſs it had 
before, but is far-milder. 3. Whereas common ſalt is a body of very difficult 
ALuſion, our factitious ſalt imitates ſalt- petre in being very fuſible, and will, 

Vo 1. J. M m _ 


[25 FHRrms and Onalities: 
' Parsics. like that, ſon melt, by being held in the flame of a candle. 4: But a more 
\FYNY conſiderable phenomenon is, that, tho" ſea-ſalt very much reſiſts the fire; and 

tho? the acid ſpirits of ſalt, vitriol, nitre, vinegar, Oc. are not only un- 
inflammable themſelves, but hinderers of inflammation in other bodies ; yet 
ſmall lumps of rhis ſubſtance, caſt upon quick coals, burnt away with a 
large and vehement flame: and, upon farther trial, having melred a conſide- 
rable quantity of this tranſmuted ſea- ſalt in a crucible ; by caſting upon it 
little e of well-kindled. charcoal, it would, like nitre, preſently 
blaze bright. Nor were all its inflammab'e-parts conſumed at one deflagra- 
tion; for by caſting in more fragments of well-kindled coal, the matter 
would puff, and flame afreſh, for ſeveral times, according. ro the quantity 
which had been put into the crucible.. 5. This ſuggeſted a hint of turn- 
ing ap acid ſalt into an alkali; which ſeems to be one of the greateſt chan- 
ges, that can be attempted, by reaſon of the vaſt difference there is between 
them in abundance of reſpects. Accordingly, having caſt in ſeveral bits of 
well-kindled coal, and excited in the melted maſs of our tranſmuted 
falr, as many deflagrations as I could; and then giving it aſtrong fire, to 
drive away: the reſt of the more fugitive parts, I-found it to taſte, not like 
ſea:ſalt, but fiery upon the tongue, and to have a lixiviate reliſh. I found 
too, that it would turn ſyrup of violets greeniſſ; that it would precipi- 
tate a limpid ſolution of ſublimate, made in fair water, into an orange-tawny 
powder; that it would, like other fixed ſalts, produce an ebullition with 
acid-ſpirits, and even with ſpirit of ſalr-itſelf, and con-coagulate-with them. 
E indeed, conſider d at firſt, that this new alkali might proceed from the 
aſhes.of the injected coals : but when I reflected too, that a pound of char- 
coal, burnt to aſhes, yield ſo very little ſalt, that the injected fragments 
of coal, quite burnt out in this operation, would ſcarce have afforded two or 
three grains of ſalt; I concluded, that ſo conſiderable a proportion of aſhes, 
in the whole maſs, could not exhibit all the phenomena of an alkali. - And, 
for farther confirmation, I poured upon a quantity of this lixiviate ſalt, a 
due proportion of Aqua fortis, till the hiſſing and ebullition ceaſed ; and then 
leaving the fluid mixture to coagulate, which it did very ſlowly, I found it, 
at length, to ſhoot into ſaline cryſtals, which, tho? not of the figure of nitre, 
yet, by their inflammability and magnitude, ſufficiently argued, that 
there had been a conjunction made betwixt the nitrous ſpirit, and a con- 
| ſiderable proportion of alkali. Iconſider'd, alſo, it might be ſaid, that in our 
| experiment, the nitrous corpuſcles of the Aqua fortis, lodging themſelves 
in the little ſpaces deſerted by the ſaline corpuſcles of. the ſea-ſalt, that 
paſſed. over into the receiver, had afforded this alkali; as common ſalt- 
petre, being treated in ſuch a manner; would leave in the crucible a fixed or- 
alkalizate ſalt: but, as the ſea-ſalt, which was not driven over in ſo mild 
a.diftillation, and ſeemed a much greater part than that which had paſſed 
over, was far from being of an alkalizate nature; ſo the nitrous corpuſcles, 
preſumed. to have ſtaid behind, were, whilſt they compoſed the ſpirit of 
nitre, of an highly volatile, and acid nature, and, conſequently, directly 
oppoũte to that of alkalies ; and if, by the addition. of any other ſubſtance, 
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-no more an alkali than ſea-ſalt, an alkali could be obtained ont of ſpirit of Pars: 


nitre or Aq 
nature, might be rightly thence inferred ; ſo that two ſubſtances, formerly 


acid, are here turned into one, manifeſtly of an alkalizate nature. But, farther, 
to proſecute the experiment, by inverting it, we drew two parts of ſtrong 
ſpirit of ſalt from one of purified nitre ; but did not obferve the remaining 
body to be any thing near ſo conſiderably changed as the ſea - ſalt, from 

which we had drawn the ſpirit of nitre ; ſince, tho' the ſpirit of ſalt, which 
came over, brought ſo many of the corpuſcles of the nitre with it, that 
being heated, it would readily diſſolve leaf-gold ; yet the ſalt that re- 
mained in the retort, being put upon quick coals, flaſh'd away with a ve- 
hement, and flatulent flame, very like that of common nitre. 
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ua fortis, the producibleneſs of an alkali out of bodies of another 


6. In attempting to make and improve the Sal mirabile of Glauber, I drew Phenomena in 


the 


off from a ſolution of nitre, and oil of vitriol, a good Spiritus nitri ; which, 612627 &, 


much common water, wherein ſalt-petre had been diſſolved, as amounted, 
at leaſt, to double or treble the weight of the nitrous parts : the remaining 
matter being kept in the fire, till it was dry, afforded a ſalt eaſily reducible, 
by ſolution in fair water, and coagulation, into cryſtalline grains, of a na- 
ture very different both from crude and fixed nitre, and from oil of vitriol. 
' Beſides, theſe cryſtals would not flow in the air, like fixed nitre, and were 
eaſily fuſible by heat; whilſt fixed nitre uſually requires a vehement fire to 
fuſe it: and tho” crude ſalr-petre, alſo, melts eafily ; yet, to ſee how diffe- 
rent a ſubſtance this of ours was from that, we caſt-quick-coals into the cru- 
cible, without being at all able to kindle it. And when, for farther trial, 
-we threw in ſome ſulphur, alſo, tho* that flam'd away itſelf, yet it did not 
ſeem to kindle the ſalt, which was hot enough for that purpoſe ; much leſs 
did it flaſh, as ſulphur uſually makes ſalt- petre do. To all which we may 
add, that a parcel of this white ſubſtance, being, without brimſtone, made to 
flow for a while in a crucible, with a piece of charcoal, for it to work upon, 
it became ſtrongly ſcented of ſulphur, and acquired-an alkalizate taſte ; fo 
that it ſeemed almoſt a coal of fire upon the tongue, when-licked, before it 
imbibed any of the air's moiſture ; and obtained, alſo, a very red colour : 
which re- called to my mind, that Glauber mentions ſuch a change obſervable 
in his ſalt made of common ſalt; upon which account, he calls ſuch a ſub- 
ſtance his Carbunculus. x | 
Here we may, firſt, take notice of the power of mixture, in altering the 
nature and qualities of the compounding bodies. For, in this caſe, tho? 
ſea-ſalr requires a naked fire to elevate it; yet the ſaline corpuſcles are 
diſtill'd over in a moderate heat of ſand ; whilſt the oil of vitriol, by whoſe 
intervention, they acquire this volatility, tho it be not a groſs corporeal 
ſalt, but a liquor, which hath been already diſtill'd, is, by the ſame 
operation, ſo fixed, as to ſtay behind. Nor is the oil of vitriol, only, thus 
far fixed, but other wiſe, alſo, no leſs changed: for, when the remaining ſalt 
has been expoſed to a competent heat, that it may be very dry and white, 
you · ſhall obtain a ſubſtance, not at all taſting of ſea · ſalt, or having the pun- 
Mm 2 gency 
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Pursics. gency or acidity of oil of vitriol, A ſecond. particular, here remarkable; 


confirms hat I formerly intimated, that, notwithſtanding the regular and 
exquiſite figures of ſome ſalts, they may, by the addition of other bodies, 
be brought to conſtitute cryſtals of very differing, yet curious ſhapes. For 
if you diſſolve this Caput mortuum of ſea- ſalt, in a ſufficient quantity of fair 
water, and having filtrated the ſolution, ſuffer the diffolved body leiſurely 
to coagulate; you will obtain cryſtals of a far greater tranſparenoy, than the 
cubes into which ſea- ſalt ſhoots, and of a ſhape far differing from theirs, tho”, 
often, no leſs curious than that of thoſe cubes: and, what is very remarkable, 
T have often obſerved, thoſe finely-figured cryſtals to differ as much in ſhape 
from one another, as from the grains of common ſalt. And, indeed, b muſt 


own, that, whether we impute it to the peculiar nature of ſea-ſalt, or to the 


great diſparities to be mer with in liquors, that paſs for oil of vitriol, my 

attempts to make the beſt ſort of Sal mirabile, have been ſubje& to ſo much 

uncertainty, that E reckon this experiment amongſt ſuch as are contingent. 
7. The following experiment, ſuppoſes metals, as well as other bodies, 


The 

— 17 = to be made of one univerſal matter, common to chem all; and to differ but 
wentally, Nein the ſhape, ſize, motion or reſt, and texture ob the ſmall parts they con- 
Zar ie ſiſt of; whence the qualities, which diverſify particular bodies, reſult; and, 


conſequently, there is no impoſſibility in the nature of the thing, that one 
Kind of metal ſhould be tranſmuted into another.. 

Having firſt ſuppoſed this, I farther conſidered, that a certain men- 
ſtruum, which, according to the doctrine of vulgar chymiſts, is a worthleſs 
liquor, muſt, according to my apprehenſion, have an extraordinary virtue 
with regard to gold; I mean, not only to diſſolve, and, otherwiſe, alter it, 
but to injure the very texture of that metal. To this purpoſe, I. made a 
menſtruum to diſſolve gold, by pouring on the rectified oil of butter of 
antimony, as much ſtrong fpirit of nitre, as would ſerve to precipitate out of 
it all the Bezoarticum minerale ; and then with a ſmart fire, diſtilling oft all 
the liquor, which would come over, and: cohobating it upon the antimonial 
oder: for tho” ſeveral chymiſts throw this liquor away, upon preſump- 
tion, that the ingredients have, in the ebullition deſtroy'd each other; yet 
experience hath made me prize it, and give it the name of Menſtruum pera- 
cutum. Having provided a ſuſficient ſtock of this liquor, we took a quantity 
of the beſt gold, and melted it with three or four times its weight: of cop- 
per; this mixture we put into good Aqua fortis, or ſpirit of nitre, that, all 
the copper being diſſolved, the gold might be left pure, and finely powdered, 
at the bortom.. After the metal had, in this beſt manner, been moſt 
highly refined, and brought to its uſual laſtre by heat, we put to it a 
large proportion of the Menſtruum peracutum; wherein it diſſolves. Cowly 
and quietly; and there remained at the bottom of the glaſs, a oon- 
fiderable quantity of white powder, that the menſtruum would not touch, 
and which we found, alſo, as indifloluble in Aqua regia· The ſolution of 
gold being abſtracted, and the gold again reduced into a body, yielded, 
upon a ſecond ſolution, more of the white powder, but not ſo much as at 


the firſt. Now having ſome little quantity of this powder, it was eaſy, with 


borax, 


borax, or ſome other convenient flux, to melt it down into a metal, Which Pursics- 
metal we found to be white like ſilver, and yielding to the hammer: and 


ſome ot it being diſſolved in Aqua fortis, or ſpirit of nitre, confirm'd us, by 
the odious bitterneſs it produced, in our expectation to find it true ſilyer. 1 
was farther confirm'd. herein, firſt, by finding; that with. ſome other menſtrua, 
- and even with good Aqua regis itſelf, I could; obtain, from the very beſt 
gold, diſſolved in them, ſome little quantity of ſuch a white powder; but in 
ſo very ſmall a proportion to the diſſolved gold, that I never had. enough 
ol it, at once, to make me think ir worth proſecuting ſuch trials. Secondly, 
by the experience of a.. judicious perſon, who. had, by diſſolving gold in a 
certain kind of Aqua regis, and, after, by bringing it into a body, re- 
diſſolving it, and. repeating this 2 very often, reduced a very great 
t of an ounce of gold into ſuch a white powder. And a third confir- - 
mation, I had from ſome trials purpoſely made, wherein this Menſtruum 
peracutum had greater effects upon. gold, than by moſt men, and even critics 
in chymiſtry, have been thought feaſible. Hence, there appears no greater 
cauſe to doubt, that the. above-mentioned ſilver was really obtained out of 
the pure gold, than this, that men have hitherto ſo often in vain attempted 
to make a real tranſmutation of metals, and to deſtroy the moſt fixed and 
compact body of gold; the one of which is looked upon as an impracticable 
thing, and the other as an indeſtructible metal. 
15 therefore, we have not impaſed upon ourſelves, this experiment, which 

t we once repeated, may afford ſome reflexions of moment. And, firſt, it 
— from hence probable, that however irrationally the chymiſts talk of a 
Tinctura auri and Anima auri, yet ſome ſuch thing may, with due reſtriction, be 
admitted; for ſome of the more noble corpuſcles, which qualify gold to loox 
yellow, to re ſiſt Aqua fortis,and to exhibit thoſe other curious phenomena, which 

diſcriminate it from ſilver, may, either have their texture deſtroy'd by a oy 

piercing'menſtruum; or, by a greater congruity with its corpuſcles, than wit 
thoſe of the remaining part of the gold, may ſtick cloſer to the former; and, 
by their means, be extricated, and drawn away from the latter. Thus, when 
the corpuſcles of ſulphur and mercury, by a ſtrict coalition, aſſociate them- 
ſelves into the body we call vermilion; tho? theſe will riſe together in ſub- 
liming veſſels, and act, in many caſes, as.one phyſical body; yet, when ex- 
quiſitely mixed with a due proportion of. ſalt of tartar, the parts of. the al- 
kali aſſociate themſelves more ſtrictly with thoſe of the ſulphur, than theſe 
were before aſſociated with. thoſe of the mercury ; whence there will be 
obtained out of a. cinnabar, intenſely red, a real mercury, in appearance, 
like to fluid ſilver. So that, as our menſtruum may, probably, have a par- 
ticular operation upon ſome tinging parts of the gold, it is.not impoſlible, 
the yellow neſs of that metal ſhould proceed, not from any particular cor- 
puſcles of that colour, but from the texture; as in the cinnabar, which was 
highly red, tho” the mercury it conſiſted of, was filver-coloured,. and the 
ſulphur but a pale yellow: and, conſequently, the whiteneſs, and other 
changes, produced in the new metal we obtained, may be attributed, not 
to the extraction of any tinging particles, but to a change of 2 
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whereon depended the-colour, as well as other properties of the gold. And 
this fuggeſtion is ſupported, by what hath been, often, aſſured me, that a 

erſon in the Netherlands, grew rich, by extracting a blue tincture out of 


p . 
copper, with a peculiar clear menſtruum, of a weak taſte, after it had been 
firſt diflolved in common Aqua fortis ; ſo as to leave the body white, and re- 


| ducible by fuſion into a metal of the ſame colour: which I the leſs wonder _ 


"becauſe Agricola, mentions the making of a white and malleable copper, 


in large quantities, upon his own knowledge : and I have myſelf, with 
pleaſure, made the experiment. Secondly, tho* gold is, generally, ſup- 
poſed too fixed and permanent a body, to be changeable by art; yet 
it is not abſolutely indeſtructible thereby: ſince, being acknowledged an 


| homogeneous metal, a part of it was, by our experiment, really changed 


into a body, which was either true ſilver, or, at leaſt, a new kind of me- 
tal, very different frem gold. And, ſince it is generally confeſſed, that 
no body has its form more ſtrictly united to its matter, than gold; and ſince 
this white powder was produced out of it, only by a corroſive liquor, 


without violence of fire; it ſeems highly probable, that there is not any body, 
of ſo conſtant and durable a nature, but that its texture, and, conſequently, 


its nature may be really deſtroy d by ſome powerful agent, in due manner 
applied to it. And, laſtly, it ſeems deducible, from the whole, that there may be 
a real tranſmutation of one metal into another, made by factitious agents, in a 
ſhort time, and after a mechanical manner. I ſpeak not here of projection, 
whereby one part of an aurific powder, is ſaid to turn many hundred or 
thouſand parts of an ignobler metal into ſilver or gold; becauſe, tho? pro- 
jection includes tranſmutation, yet tranſmutation is not the ſame with pro- 
jection, but far eaſier. It ſuffices that we are here taught, that amongſt in- 
animate bodies, the moſt noble and conſtant ſort of forms, are but peculiar 
contrivances of the matter, and may, by locally moving the parts, and 
changing their ſizes, ſhape, or texture, be generated and deſtroy'd ; ſince 
we ſee, that in the ſame parcel of metalline matter, which a little before 
was true and pure gold ; by having ſome few of its parts withdrawn, and 
the reſt tranſpoſed, or otherwiſe altered in ſtructure, or by both, the form 
of gold, or that peculiar modification which made it yellow, indiſſoluble 
in Aqua fortis, &c. is aboliſhed ; whilſt, from the new texture of the ſame 
matter, there ariſes that new form, orconvention of accidents, from which 
we call a metal filver. And ſince ours was not only diſſoluble in Aqua fortis, 
but manifeſted that exceſſively bitter taſte, which is peculiar to ſilver ; there 
is no neceſſity for a diſtin& agent, or a particular action of a ſubſtantial form, 
to produce, in a natural body, the moſt peculiar and diſcriminating pro- 
rties. For it was the ſame menſtruum, devoid of bitterneſs, that by de- 
kroying the texture of gold, changed it into another, upon whoſe account 
it acquired, at once, whiteneſs of colour, diſſolubleneſs in Aqua fortis, an 
aptneſs to compoſe a bitter body with it, and many other new qualities. 
It may, indeed, be readily objected, that it is no very thrifty tranſmutation, 
to degrade gold to the condition of ſilrer: but a tranſmutation is never the 
leſs real, for not being gainful ; and it is no ſmall matter to — 
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herſelf invincible by art. 


bounds; which nature ſeems very induſiriouſly to have ſet to tlie alterations Phrsics⸗ 
of bodies; eſpecially amongſt thoſe durable, and, almoſt, immortal kinds, 
in whoſe conſtancy to their firſt: forms, ſhe appears to have affected ro ſhew- 
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But farther to demonſtrate the efficacy of our Menſtruum peracutum, we 6. lu renders © 


took the fineſt gold that could be procured, and having either granulated, 
or brought it into plates, diſſolred it in a moderate heat, with a ſufficient: 
quantity of the menſtruum ; and having carefully decanted the ſolution into 


a retort, we very gently, in a ſand-furnace, diſtill'd off the liquor: and 
if we had a mind to elevate more gold, we either poured back upon the 
remaining ſubſtance the ſame menſtruum, or diſſolved it again with freſh. 


The liquor being abſtracted, we urged, the remaining matter by degrees 


of fire; and in no ſtronger an one, than may eaſily be given in a ſand- 
furnace, a conſiderable quantity of the gold would be elevated to the upper 
part of the retort ; and either fall down, in a golden- coloured liquor, into 


the receiver, or faſten itſelf to the top and neck, in the form of a yellow and 


reddiſh ſublimate : and ſometimes we had the neck of the retort enriched 


with numerous large thin red cryſtals, very like rubies, and glorious to be- 


hold, which would run in the air per deliquium, Nor can I ſee any cauſe to 


doubt, that, by the re-aftuſions of freſh menſtruum upon the dry calx of 


gold, which remains behind, the whole body of the metal may be eaſily 


made to paſs through the retort ; tho? I forbore. to proſecute the experiment 


ſo far. . | 


It may here be neceſſary to give a caution; that tho” chymiſts think it a 


ſuſſicient proof of a true tincture, that the colour of the concrete will not be 


ſeparated in diſtillation, but the extracted liquor paſs over tinged into the 


receiver; yet this ſuppoſition may, in ſome caſes, deceive them. And, 
farther; whereas the particles of ſolid and conſiſtent bodies, are not, always, 
unfit to help ro compoſe fluids, I ſhall venture to add, that even a liquor, 
made by diſtillation, may, in part, conſiſt of corpuſeles of the moſt compact 
and ponderous bodies in the world. To manifeſt this, as well as, that 
ſome bodies are of ſo durable a texture, that their minute parts will retain 


their own nature, notwithſtanding variety of diſguizes, which may impoſe 


even upon chymiſts themſelves ; I dropped into the yellow liquor, afforded 


me by the elevated gold, a quantity ot clean running mereury, which was 
immediately tinged” with a gold-coloured film; and ſhaking it about, till the 


menſtruum would gild no more, I decanted the clarified liquor; and mixing 
the remaining amalgam of gold and mercury with ſeveral times its weight of 


borax, I by fuſion eaſily recover'd the ſcatter'd particles of the metal into one 
little maſs of yellow gold. And whenſoever- mention is made of a volatile 
gold, as it is ſaid to be in ſome minerals, it may be admitted with this ex- 
planation, that in our experiment, after abſtraction of the menſtruum, the 
remaining body being true gold, and, conſequently, in its own nature fixed ; 
yet it is fo ſtrictly aſſociated with ſome volatile ſaline particles, that theſe 


gold, which may be reduced into a maſs by the admixture of borax, or ſome 


being goes by the fire, carry up along with them the corpuſcles of the 


other - 
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other-body, fitted to divorce the corpuſcles of the metal -from thoſe char. 


would elevate them, and to unite them into grains, too big and ponderous 


to be ſublimed: thus, in ſome mineral bodies, there may be numberleſs 


- corpuſcles of gold, ſo minute, and ſo blended with the unfixed particles, 
that they will be carried up together with them by that vehement heat 


uſually employ'd to bring ores, and metalline maſſes, to fuſion. Yet it is 
not impoſſible, that theſe corpuſcles of gold, which, in ordinary fuſions, fly 
away, may be* retained, and recovered by ſome: fuch yours addition, as 
may either work upon, and mortify the other parts of the maſs, without 


doing ſo to the gold; or by aſſociating with the volatile, and ignobler 
minerals, prevent their carrying away the gold with them, as they other- 
wiſe might; or, by its fredneſs, and fimilitude of nature, make the 


diſperſed gold embody with it. Thus, I remember, that ſome good gold, 


having, for a certain trial, been cupel'd with a great deal of lead, inſtead 
of being advanced in colour, as in goodneſs, was grown manifeſtly paler 
than before; whence I conjectured, that ſo great a proportion of lead, 


might contain ſeveral particles of volatile filver ; which, meeting with the 
fixed body of the gold, by incorporating therewith, · might be detained : 


and I was confirmed herein, by finding, upon enquiry, that the gold, in- 
. Read of loſingits weight, had conſiderably increaſed it. 


*Taftervaried iy 8. We took an dunce of refined ſilver, and, having diffoly'd it in Aqua 
+ mechanical 41e Fortis, ſuffered it to ſhoot into cryſtals ; which, being dried, we found to 


rations in bod 


exceed the weight of the ſilver, by ſeveral drams, gain'd by the concoagu- 
lation of the. acid ſalts, that had diffalved, and were united to the metal. 


Theſe cryſtals we put into a retort, and diſtill'd. them in ſand, with, almoſt, 
as great a heat as we could give in an iron- furnace: but there came over 
only a very little ſouriſh« phlegm, of an ill ſoent; wherefore, the ſame retort 


being ſuffered to cool, and being then coated, it was removed to another 
furnace, capable of giving a far greater degree of heat; and, in this, the 
diſtillation was purſued with ſeveral degrees of fire, till the retort became 
red-hot, and long continued ſo: but tho, even by this operation, there was 
very little driven over; yet it ſufficiently manifeſted, that a (body ex- 
tremely bitter, might afford numerous parts not at all bitter, but emi- 
nently ſour. For our receiver being taken off, even when cold, the con- 
tained ſpirit ſmoked like re&ified Aqua fortit; and not only ſmelt and taſted 
like it, but being poured upon filings of crude copper, immediately cor- 
roded them, and, in a'trice, produced a blutfh colour, like what that metal 
gives in good Aqua fortis, Afterwards, we made a ſolution with minium 
and Agua fortis, which being filtred, and evaporated, left a Saccharum Sa- 
turni, much like the common, made with ſpirit of vinegar: then taking this 
ſweet vitriol of lead, we endeavoured, in a ſand- furnace, to drive it over; 
but finding that degree of heat inſuſſicient, we cauſed the retort to be coated, 
and transferred it to the other furnace ; where, being urged with a naked 
fire, it afforded ſomewhat more ſpirit than the ſilver had done. This ſpirit 
ſmoked in the cold receiver, as the other; and, like ir, {melt of Aqua fortis, 
and was ſs far from retaining-any of the ſweetneſs of the concrete, when 
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yielded it, that it was offenſively acid; and being poured upon minium, Pays: 
work'd upon it with noiſe and bubbles, and quickly afforded a ſweet liquor, | 


from whence might have been obtained a true tugar of lead. It is re- 
markable, that the concrete, which appeared white before diſtillation, re- 
mained, for the moſt part, behind in the retort, in the form of a black Caput 
mortuum, Which was neither ſweet nor ſour at all, but ſeemed rather inſipid, 
and was, indeed, but a calx of lead. 

In this experiment, it may be obſerred, that tho' filver be a body fo 
fixed in the fire, as to endure the cupel itſelf ; and, tho* in the dry'd 
cryſtals of ſilver, the ſalt, that adheres to the metal, increaſes its weight 
but about a third or fourth part; yet this ſmall proportion of faline cor- 
puſcles was able to carry up ſo much of that fixed body, that the inſide of 
the retort was, to a great height, cover'd over with the metalline corpuſcles. 
But the phenomenon which I chiefly take notice of, is, that not only Aqua 
fortis, being con-coagulated with different bodies, may produce very different 
concretes ; but the ſame numerical Aline corpuſcles, which, being aſſociated 
with thoſe of a metal, had already produced a body, eminent in one taſte, 
may, afterwards, being freed from that body, compoſe a liquor, remarkable 
for a very different taſte ; and after that roo, being combined with the par- 
ticles of another metal, with them, conſtitute a body of a very eminent taſte, 
directly oppoſite to both the other; and yet theſe ſaline corpuſcles, if in- 
ſtead of this ſecond metal, they ſhould be aſſociated with ſuch an one, as 
that they are driven from, would therewith again exhibit the firſt taſte. 
To prove all this, we took cryſtals of refined filver made with Aqua Fortis, 
and tho” theſe cryſtals are exceſſive bitter; yet having, by a naked fire, ex- 
torted from them what ſpirit we could, and found it extremely acid, we 

ut one part of it upon a few filings of ſilver, of which it readily made a 
5 bitter than gall; and the other part of the diſtill'd liquor we 
poured upon minium; when, tho', whilſt it was an ingredient of the cryſtals 
of ſilver, committed to diſtillation, it did, with that metal, compoſe an in- 
tolerably bitter ſubſtance ; yet the ſame particles, being looſened from that 
metal, and aſſociated with thoſe of the lead, with them conſtituted a ſolu- 
tion, which, by evaporation, afforded a Saccharum Saturni, ſweet as ſugar. 
For farther confirmation, we varied the experiment ; and having, in a naked 
fire, diſtill'd ſome dry*d Saccharum Saturni, made with Aqua fortis, the little 
liquor which came over, in proportion to the body that afforded it, was ſo 
ſtrong a ſpirit of nitre, that for ſeveral hours the receiver was filled with red 
fumes ; and tho” the ſmoking liquor was vaſtly ſharp, yet part of it being 
poured upon a piece of its own Caput mortuum (in which we perceived no 
taſte) at length exhibited ſome little grains of a ſaccharine vitriol ; but the 
other part, being pur to filings of filver, immediately fell upon them, with 
noiſe and ſmoke, and ſoon after, con-coagulated with part thereof, into a 
ſalt exceſſively bitter. 


9. Having put a conſiderable quantity of diſtill'd rain-water into a clean Water tra, - 
glaſs-bod » and fitted it with a head, and receiver, I ſuffer'd it ro ſtand . into 


in a digeſtive furnace, till, by the gentle heat thereof, the water was to- 
Ver. I. Nn cally 
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Parsics. tally abſtracted, and the veſſel left dry; when, being taken out of the ſand, 
l found the bottom of the glaſs wholly covered with a whitiſh ſubſtance, 
which being ſcraped off with a knife, appeared to be a fine earth, without 
any manifeſt taſte. This encouraged me to diſtil the rain-water again in 
the ſame glaſs-body, in the bottom whereof, when the water was all drawn oft, 
lay more of the like earth, which confirmed my conjecture, that the earthy 
powder might be a tranſmutation of ſome parts of the water into that ſub- 
ſtance. Herein, alſo, I was farther encouraged by a phyſician, who aſſured 
me, that he had frequently found ſuch a white earth in rain-water, after 
diſtilling the ſame many times ſucceſſively ; adding, he found no cauſe to 
ſuſpect, that if he had continued to re-diſtil the ſame portion of water, 
it would have yielded him more earth. But the oddneſs of the experiment 
{till keeping me in ſuſpenſe, a very ingenious perſon, who had try'd various 
experiments upon rain-water, gave me ſuch an account of his proceedings, 
as left me but little ſeruple about this tranſmutation : for, he ſolemnly af- 
firmed, on experience, that rain-water, even after diſtillation in very clean 
glaſſes, near two hundred times, afforded him this white earth, and that more 
conſpicuouſly in the latter diſtillation, than in the former. And in comparing 
this powder with what I made myſelf, I found an agreement between them. 
And, (1.) Being placed inanexcellent microſcope, and expoſed ſo that theſun- 
beams might fall thereon, it appeared a white meal, or an heap of corpuſcles 
exceeding {mall ; and their extreme ſmallneſs was more ſenſibly diſcerned by 
adding ſome grains of ſand thereto, which made a mixture that looked like that 
of pebble-ſtones, and the fineſt flower. For our earth, even in the microſcope, 
appeared to conſiſt of as ſmall particles, as the fineſt hair-powder, to the naked 
eye. Nor could we diſcern this duſt to be tranſparent, tho” when the ſun 
ſhone thereon, it appeared to have ſome particles a little glittering. (2.) I 
found, that our powder being caſt into water, would, for a time, ſomewhat whiten 
it; but when it was once ſettled at the bottom, it continued there undiſſolved, 
tor ſome days, as earth would have done. (3.) Having weighed a quantity, 
and put it into a new clean crucible, with another inverted over it, I placed 
it among quick coals, and there kept the crucible red-hot for ſome time, 
cauſing the fire, afterwards, to be raiſed ; but taking out the powder, I 
neither found it melted, clotted, nor much waſted, beſides what ſtuck to 
the ſides of the crucible, and to a little clay, wherewith I had luted on the 
cover. And when I, afterwards, kept this powder in an open crucible amongſt 
glowing coals, I could not perceive it at all to ſmoke; and having put a litrle 
upon a quick coal, it remained fixed, which ſome bodies will not, that yet 
endure the fire in a red-hot crucible. (4.) I found this powder to be much 
heavier in ſpecie than water : foremploying a nice pair of ſcales, it balanced 
fomewhat more than twice its bulk of common water. I, farther, took 
ſome wood-afhes, which I had cauſed to be boiled three or four times in a 
plentiful proportion of water, to free them from ſalt ; and having put them, 
very dry, into common water, found them bur little heavier than our pow- 
der; ſurpaſſing in weight, water of the ſame bulk but twice, and a little 
more than a fixth part, We may add, that glaſs, — 
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body, is but little, if at all, more than twice and 


267 


a half as heavy as water Phrsics. 


of equal bulk; ſo that the gravity of this powder, being add od to its fixed. CY WV 


neſs, and other qualities, juſtly entitles it to the diſtinction of earth. my 
learned friend, before-mentioned, hath procured of it near three quarters 
of an ounce from one ounce of water. 

'Theſe ſeveral relations, in a very ſingular manner ſupport the corpuſcular 
principles. For, if the elements themſelves are tranimutable, and thoſe 
ſimple and primitive bodies, which nature 1s preſumed to have intended ſtable 
and permanent ingredients of the bodies ſhe compounds, may by art be de- 
ſtroy d, and reproduced; why may not the changes, which happen in other 
bodies, proceed from the local motion of the minute or inſenfible parts of 
matter, and the changes of texture conſequent thereto? Some atomiſts 
would here be determining, by what particular ways this ſtrange tranſmu- 
tation of water into earth may be performed; and, particularly, tell how 
the continual, but ſlowly agitated parts of water, by their innumetable oc- 
curſions, may, by degrees, rub themſelves into ſuch ſurfaces, as either to 
ſtick very cloſe to one another by immediate contact, or entangle themſelves 
inco cluſters of coherent particles, too heavy to be ſupported by the water. 
But tho? many things in favour of ſuch conjectures, may hence be urged ; 
yet the full diſquiſition of ſo difficult a ſubject, is too long and intricate to 
be proper for this place. And, therefore, we will, for a while, ſuppoſe this 
tranſmutation real; and confider, whether it doth not much diſcredit ſome 
of the chief doctrines of the chymiſts, and a fundamental one of Helmont. 
For if the purett water may be tarned into earth, it will be eaſy to make it 

robable, that the other ingredients of mixed bodies, which the chymiſts 
call their hypoſtatical principles, are capable of being tranſmuted into one 
another. Beſides, if out ot the ſimpleſt water, a moderate fire can produce 
a large proportion of earth, which was not formerly pre-exiſtent in it ; how 
ſhall we be ſure in all the analyſes, which the fire makes of mixed bodies, 
the ſubſtances thereby exhibited, are obtained by ſeparation only, without 
any tranſmutation? Helmont, we know, makes water to be the material 
principle of all bodies. But as his grand argument is grounded on his alka- 
heſt, which, as he affirms, by being digeſted with, and diſtilled from other 
tangible bodies, reduces them all, at laſt, into a liquor no way different from 
rain-water 3 tho” we ſhould grant the fact, yet the experiment of our pow- 
der will warrant us to queſtion the concluſion. For it all mixed bodies be 
therefore, materially from water, becauſe they are, by the operation of a 
fire and a menſtruum, after having paſſed through ſeveral previous changes, 
reduced, at length, into inſipid water; by the ſame way of arguing, I 
might ſay, that all thoſe bodies are materially but diſguized earth, ſince 
water itſelf may be turned into earth. 

But to leave theſe reflexions, I would not have it thought ſtrange, that 
whilſt I inſiſt upon the many particulars, which ſeem to evince the change 
of water into earth, I ſhould intimate a diffidence about it. For I muſt 
confeſs, that having unluckily loſt a whole paper of the powder I had myſelf 
made; and having, unexpectedly, 1 obliged to remove from my — 
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Pursics. before I had gone thro? half the trials, I judged requiſite in ſo nice a caſe ; 
LYN I have not yet laid afide all my ſcruples. For, (1.) I would gladly know, 


whether the untranſmuted rain- water, by the depoſition of ſo much ter- 
reſtrial matter, were grown lighter in ſpecie than before, or ſharp in taſte 
and I would, alſo, be ſatisfied, whether inſipid liquors may not work as 
menſtrua upon ſtones, or earthy bodies: not to queſtion, whether the par- 


ticles of rain-water may not, by their mutual attrition, or ſome other action 


upon one another, be reduced into ſhapes and ſizes fit to compoſe ſuch a 
menſtruum, as the liquor was not before; as in ſeveral plants, which ſeem 
to be nouriſhed only with water, the ſap is endowed with a ſharp taſte, 
great penetrancy and activity of parts. (2.) It were alſo fit to know, whe- 
ther the glaſs-body, wherein all the diſtillations are made, loſes of its weight, 
any thing near ſo much as the obtained powder amounts to, over and above 
the decreaſe of weight, which may be imputed to the action of the heat 
upcn the ſubſtance of the glaſs, in caſe it appear by another glaſs, kept 
empty in an equal heat, and for the ſame time, that the glaſs loſes by ſuch 
operations any thing conſiderable. And it were, alſo, not impertinent to 
try, whether the gravity of the obtained powder be the ſame in ſpecie with 
that cf the glaſs, wherein the diſtillations were made. (3.) I could wiſh, 
likewiſe, that it were more demonſtrably ſhewn, what is, on all hands, 
taken for granted, that diſtill'd rain-water is a perfectly homogeneous body: 
for if it be not, many ſuſpicions might be ſuggeited about its tranſmu- 
tation into earth ; and if it is, it will be very difficult to conceive, how 
a perfectly and exquiſitzly homogeneous body ſhould, without any ad- 
dition, or any ſeminal or plaſtic principle, be brought to afford a large 

uantity of a matter of much greater ſpecific gravity than itſelf ; ſince we 
ee, that no aggregate, we can make, of bodies, equiponderant in ſpecie 
with water, by virtue of their convention, grows ſpecifically heavier than it. 
(4.) Having had the curioſity to try, whether corroſive liquors would ope- 
rate upon our white powder, I 04. that not only good oil of vitriol 
would corrode it, but ſtrong and dephlegmed ſpirit of ſalt readily work'd 
upon part of it; and that, without the aſſiſtance of heat, tho* not without 
hiſſing, and exciting numerous bubbles: yet, when I ſuffered this mixture 
to ſettle, a very great proportion of the powder remained in the lower part 
of the liquor, as if that had rather fretted, than diſſolved it. Nor muſt I 
omit, that ſometimes I have excited. ſuch an ebullition, by pouring the ſame 
liquors upon the earthy part of wood-aſhes, ſeveral times waſhed in boiling 
water: to which might be added, that ſometimes, alſo, I have thought 


this powder gritty between my teeth. But whether it be truly earth or 


not, the alteration is ſo great, and effected in ſo ſimple a way, that it 
cannot but afford us a conſiderable inſtance, of what the varied texture of 
the minute parts may perform in a matter confeſſedly ſimilar. And, if fre- 
quently diſtill'd rain- water ſhould not be allowed homogeneous, our expe- 
riment will excellently ſhew, how little we are bound to believe what the 
chymiſts, and others, tells us, when they pretend, manifeſtly, to exhibit 
homogeneous principles, and elementary bodies; and how difficult it is 12 
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be certain, when a body is abſolutely irreſoluble into ſpecifically different Paysics.. | 
ſubſtances ; and, conſequently, what is the determinate number of the 


perfectly ſimple ingredients of bodies. I will not now mention my attempts 
to tranſmute pure alkalizate ſalts into earth, becauſe I do not yet know, 
whether the trials will anſwer my hopes : but upon this ſubje&, I could 
add ſomething about the changes, which may be wrought upon highly re&i- 
fied ſpirit of wine, which would, perchance, make other things of the like 
kind thought more feaſible. For, whereas it is a known thing, that this 
ſpirituous liquor being kindled, will, for ought appears, be totally turned 
into flame; yet I have, without any addition, obtained from ſuch ſpirit of 
wine, a conſiderable quantity of incombuſtible phlegm. And, by another 
way, ſome perſons, working by my directions, reduced conſiderable quan- 
tities of high- rectified ſpirit of wine into a liquor, which was, for the moſt 
part phlegm 3 from which change, it ſeems deducible, that the ſame portion 
of matter, which, by being kindled, would be turned all into fire, may, by 
another way of management, be turned into water; and this, without the 
addition of any thing, and without being wrought upon by any viſible body, 
but one ſo extremely dry, as duly prepared ſalt of tartar; and that itſelf is 
not indiſpenſably neceſſary, becauſe I, by another way, obtained this phlegm, 
without employing the ſalt, or any other viſible bod y whatever. 


10. There is one experiment niore, with which I deſign to conclude. ng ng | 
iv 08 | 


Take of good oil of vitriol, and ſpirit of wine, that will burn all away, if oil 


equal parts in weight; put them together gradually, and having placed the with /pirit of 
mixture in a bolt-head or glaſs-egg, with a long neck, and carefully ſtopped 


it with a cork and hard wax, ſet the veſſel, in a moderate heat, to digeſt for 
a competent time; then pour out the mixture into a tall glaſs cucurbite, to 
which carefully lute on a head and a receiver; and, with a very gentle fire, 
abſtra& the ſpirit of wine, which will firſt aſcend : and when the drops be- 
gin to come over ſouriſh, ſhift the receiver, and continue the diſtillation, 
with great care, that the matter boil not over; and when about half the 
acid liquor is come over, change the receiver once more, and continue the 
diſtillation ; increaſing the fire towards the latter end, till you have brought 
over all you can: and what remains in the bottom of the cucurbite muſt be 
put into a glaſs, well ſtopped to keep it from the air. 

(I.) To the production of moſt, if not all the phenomena of this expe- 
riment, it is not abſolutely neceſſary, that a long digeſtion be premiſed, 
tho? the experiment will ſucceed the better for it. (2.) I have, ſometimes, 
made uſe of oil of ſulphur per Campanam, inſtead of oil of vitriol ; and tho” 
it ſucceeded in ſeveral particulars, yet I afterwards choſe to employ oil of 
vitriol, both becauſe it, in ſome points, better anſwer'd ; and, becauſe 1 
would not give occaſion to ſuſpe&, that the odours, hereafter to be men- 
tioned, as phenomena of our experiment, were owing to the common ſul- 
phur, and no way proceeded from the acid ſalt, where with that oil abounds. 
(3.) I, likewiſe, digeſted oil of vitriot with Spaniſh wine, inſtead of ſpirit 
of wine, and, by this means, obtained an odd ſpirit, and reſidue, with ſome 


other phenomena, which, in regard wine is a liquor of a leſs ſimple _—_ 
an 
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Pursics. than its ſpirit, are leſs fit for my preſent purpoſe. (4.) Great care muſt be 
ad in regulating the fire, when once a conſiderable part of the acid 
ſpirit, mentioned in the proceſs, is come over. For, if the fire be not in- 
creaſed, the reſt will ſcarce aſcend : and if it be increaſed a little too much, 
the matter will be apt to ſwell in the cucurbite, and run over into the 
receiver. | 
Now the oil of vitriol, and ſpirit of wine, being both, of them diſtilled li- 
quors, drawn from ſimple and familiar ſubſtances, and, conſequently, vola- 
tile; one would expect, that they ſhould be brought over united, as I have 
tried, that the ſpirit of wine, with that of nitre, or of common ſalt, may be; 
and as the ſpirits of different vegetables are; or, at leaſt, that the diſtillation 
ſhould not much alter them from what it found them, after they had been 
well mixed together ; yet they exhibited ſeveral conſiderable and ſurprizin 
phenomena. For, firſt, whereas ſpirit of wine has no great ſcent, nora g 
one, and moderately dephlegmed oil of vitrio! is inodorous ; the ſpirit, 
which firſt comes over from their mixture, hath a ſcent not only very diffe- 
rent from ſpirit of wine, but from all things elſe, that ever I ſmelt. And 
as this new odour ſeems very fragrant, I have ſometimes had it ſo ex- 
ceeding ſubtile, that in ſpite of the care which was taken to lute the glaſſes 
exactly, it would perfume the neighbouring parts of the laboratory, and 
not, afterwards, be kept in by a cloſe cork, covered with two or three ſeve- 
ral bladders, but would ſmell ſtrongly at ſome diſtance from the vial that 
-contain'd it. But, 2. to ſhew how much the odours of bodies depend upon 
their texture; after this volatile ſpirit is come over, and has been followed 
by an acid one, it will uſually, towards the latter end of the diſtillation, be 
ſucceeded by a liquor, that ſmells ſtrongly of brimſtone. 3. There is pro- 
duced in this operation, a liquor, that will not mix either with the men- 
tioned fragrant, or with the fetid ſpirit, but is very different from both; 
and ſo very pleaſant, ſubtile, and aromatic, that it recedes as well from 
ſpirit of wine, as oil of vitriol. 4. When the diſtillation is carried on far 
enough, you will find at the bottom, that the two ſpirits above-mentioned, 
(for oil of vitriol is rather a ſaline ſpirit, than an oil) have produced a black 
ſubſtance, almoſt like pitch or jet. 5. And this ſubſtance, tho? produced by 
two bodies, which were not only fluid, but diſtill'd, will be both conſiſtent 
and brittle. 6. Tho' ſpirit of wine be reputed the moſt inflammable, and oil 
of vitriol the moſt corroſive liquor known ; yet I could not find, that this 
black ſubſtance would eaſily, if at all, be brought to flame or burn; nor 
that it had any diſcernible taſte, tho? both the liquors, from whoſe mixture 
it was obtained, are exceeding ſtrong and pungent. 7. 'Tho* both theſe li- 
quors will mix with common water, I obſerved, that this pitchy maſs would 
not diflolve therein for very many hours. And, laſtly, tho? the oil of vitriol, 
and the ſpirit of wine, were both of them diſtill'd liquors, and one of them 
exceeding volatile and fugitive ; yet the black maſs produced by them, was 
ſo far fixed, that I could not make it riſe by a conſiderably ſtrong and laſting 
fire, that would have raiſed a much more ſluggiſh body, than the heavieſt of 
thoſe, which concurred to produce it. 


Now, 
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Nov, in theſe experiments, it cannot well be pretended, that any ſub- Puysics. 
ſtantial forms are the cauſes of the effects recited : for, beſices, that in the LFWNY 


bodies employ'd in moſt of the caſes, the feminal virtues, if they had any 
before, may be ſuppoſed to have been deſtroy'd by the fire ; they were ſuch, 
as thoſe I argue with, would account factitious, being artificially produced 
by chymical operations. And it is not more manifeſt, that in the production 
of theſe effects, there happens a local motion, and change of texture, by the 
operations, than it is precarious, that they are the effects of ſuch things, as the 
ſchools fancy ſubſtantial forms to be. And, ſince it is in theſe experi- 
ments, by the addition of ſome new particles of matter, or the receſs or ex- 
pulſion of ſome pre-exiſtent ones; or, which is the moſt frequent way, by the 
tranſpoſition of the minute parts; yet, without excluding the other two; that 
I have been able to produce, by art, a number of ſuch conſiderable changes of 
qualities, as are not ordinarily preſented us by nature, where ſhe is preſu- 
med to work by the help of ſubſtantial forms; it is, ſurely, probable, that 
the ſame univerſal and fertile principles, motion, bulk, ſhape, and texture, 
of the minute parts of matter, may, under the conduct of nature, ſuffice, 
likewiſe, to produce thoſe orher qualities of natural bodies, of which we 


have given no particular inſtances. 
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HE term quality, is very ambiguous, and has been applied to ſome Remarks »tou | 


things, which ought rather to have been look d upon as ſtates of matter, —_— 


or Eomplexions of particular qualities, as animal, health, beauty, &c. There 
are, alſo, other attributes, as iize, ſhape, motion, and reſt, uſually reckon'd 
among qualities, which may more conveniently be eſteem'd the primary 
modes of the parts of matter; ſince from theſe {imple attributes, all the qua- 
lities are derived. . 

One of the more received diviſions of phyſical qualities, is into manifeſt 
and occult. We diſtribute the former into firſt, ſecond, and third; to the 
two laſt of which, we may refer ſeveral qualities not treated of by ſchool- 
writers of phyſical ſyſtems : and theſe, for diſtinction ſake, might, ſome of 
them, be ityled the chymical qualities of things; becauſe Ariſtorle and the 
ſchool-men, being unacquainted with them, they have been principally in- 
troduced by means of chymical operations and experiments : ſuch are fu- 
migation, amalgamation, cupellation, volatilization, precipitation, c. by 
which operations, among other means, corporeal things come to appear 
volatile or fixed, ſoluble or inſoluble in ſome menſtrua, amalgamable or 
unamalgamable, c. which as well deſerve the name of qualities, as ſeveral 
other attributes, to which it is allow'd. And to theſe chymical qualities, 
ſome others might be added, which, becauſe of the uſe that phyſicians prin- 
cipally make of them, may be call'd medical ; whereby ſome ſubſtances re- 
ceiv*d into the human body, are reſolving, diſcuſſing, ſuppurating, abſter- 
ſive, & c. For tho? ſome faculties of medicines, as thoſe of heating, eooling, 
drying, attenuating, purging, c. may be conveniently referr'd to the 2 
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ſecond, or third qualities, mentioned by naturaliſts, whilſt others arc reckon'd 
occult; and tho* theſe medical qualities are treated of by phyſiciaus; yet 
as ſeveral of them ought not to be referr'd to the qualities whereto they are 
often aſcribed ; ſo the handling of them, may be look'd upon as a deſidera- 
tum, and well deſerves a diſtin& place, in natural philoſophy. 

But before I proceed, I think proper to ſolve three grand ſeruples, which 
may poſſibly ariſe in our doctrine of qualities. The firſt of theſe, proceeds 
from the opinion of vulgar and Axiſtotelian philoſophers, that diverſity of 
qualities muſt needs flow from ſubſtantial forms; either, becauſe it is part of 
their nature to be the pgnciples of properties, and peculiar operations in 
the bodies they inform ; or elſe, becauſe ſeveral of them, are ſuch as no 
mixture of the elements is capable of producing. 

We have, already, in examining ſubſtantial forms, ſhewn the firſt of theſe 

two ſuppoſitions unworthy to be admitted. It, therefore, only remains, 
that we examine, alſo, the ſecord ſuppoſition; to which, Semertus adds, 
that, as no bare mixture of the elements, ſo no general forma miſtionis is 
ſufficient to account for ſeveral qualities, which he enumerates. 
But as this difficulty takes it for granted, that there are four elements, from 
whoſe various mixtures, all other ſublunary bodies ariſe ; whence, they 
are only ſolicitous to prove, that particular qualities cannot flow from their 
mixture; I am not concernꝰd in their whole diſcourſe, becauſe Iadmit not the 
hypotheſis of the four elements: yet I may obſerve from hence, that by the 
confeſſion of ſuch modern Peripatetics, as urge this argument, thoſe, and 
other Ariſtotelians, were miſtaken, who aſcrib'd to the mixtures of the ele- 
ments, effects, for which theſe maintain them to be inſufficient. I ſhall, 
however, "conſider the difficulty itſelf, not only as it may be propos'd by 
Peripatetics, but by chymiſts ; who, tho' ſome of them do not allow of the 
four elements, yet agree, with the ſchools, that there is a determinate num- 
ber of ingredients of compounded bodies, from whoſe mixture and propor- 
tion many qualities muſt be deriv'd ; thoſe that cannot, being reſolved to 
flow from a higher principle, whether it be a ſubſtantial form, or ſomething 
for which chymiſts have ſeveral names, tho, I doubt, no ſettled idea. 

But, firſt, I readily acknowledge, that in ſome reſpects, and in ſome 
caſes, this grand ſuppoſition may be well-grounded ; but then, I look upon 
It, rather as a part of the corpuſcular doctrine, than an objection againſt it: 
for when there happens a ſtri& connexion betwixt the modification of mat- 
ter, which is requiſite to exhibit one phenomenon, and that from which ano- 
ther will neceſſarily follow; we teach, that he, who, by a change of texture, 
gives a portion of matter the former modification, likewiſe qualifies it, by 
the ſame change, to exhibit the phenomenon agreeable thereto ; tho? one 
would not, perhaps, ſuſpe& them to have any ſuch dependance upon one 
another. Thus, for inſtance, ſtrong ſpirit of diſtill'd vinegar, by virtue of 
its being an acid ſpirit, hath the faculty to turn ſyrup of violets red; bur, 
if by making with this ſpirit, a ſtrong ſolution of coral, you deſtroy the 
acidity of the ſpirit of vinegar ; this liquor, as it has quite another taſte, 
ſo it will have another operation, than formerly, upon the ſyrup of violets. 
_ | | For 
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would preſently, like an alkaline or urinous ſalt, turn ſyrup of violets from 
its native blue, to a lovely green. And proſecuting the experiment, it ap- 
pear d, that ſpirit of ſalt, dephlegmed by a fit concrete, tho' the ſolution 
were vehement ſtrong, had yet the ſame effect on ſyrup of violets. Now, 
things may acquire, by mixture, very different qualities from thoſe of any of 
the ingredients. Thus ſugar of lead is extremely ſweet, tho' the minium 
and the ſpirit of vinegar, of which it is made, be, the one inſipid, and 
the other ſour. And, tho* neither Aqua regis, nor crude copper, have any 
thing in them of blue; yet the ſolution of this metal in that liquor is of a 
deep blue : and, ſometimes I have had the ſolution of crude mercury in 
good Aqua fortis, of a rich green ; tho* it would not long continue. So 
that they are much miſtaken who imagine, either thar no manifeſt qualities 
can be produced by mixture, except thoſe that reſide in the elements, or 
reſult immediately from the combinations of the four firſt qualities. For it 
is manifeſt, that nature and art muſt continually make mixtures of bodies, 
both already compounded ; as when aſhes and ſand compoſe the common 
coarſe glaſs ; or when nature combines ſulphur with unripe vitriol, and, 
perhaps, other ſubſtances, in a marcaſite ; and, alſo, of bodies already re- 
compounded ; as native vitriol is made in the bowels of the earth of an 
aqueous liquor impregnated with an acid ſalt, and of a cupreous or ferrugi- 
nous mineral, ſtrictly united both to a combuſtible ſulphureous ſubſtance, 
and to another body of a more fixed and terreſtrial nature. And thus 
artificers may eaſily produce fine new colours, by skilfully mixing in 
the flame, two pieces of amel of colours more ſimple than that which re- 
ſults from their colliquation. And this way of combining bodies, not ſimple 
or elementary, will be acknowledged more extenſive in the production of va- 
rious qualities, and phenomena of nature, from conſidering how much the 
variation of the proportion of the ingredients in a mixed body, may alter 
the qualities and operations of it; and that this proportion may be varied, 
almoſt in infinitum. 

I next obſerve, that it is an ill-grounded hypotheſis to ſuppoſe, that new 
ualities cannot be introduced into a mixed body, or thoſe that it had be- 
ore be deſtroy'd, unleſs by adding or taking away a ſenſible portion of ſome 

one or more of the Ariſtotelian elements, or chymical principles. For there 
may be many changes, as to quality, produced in a body, without viſibly 
adding or taking away any ingredient, barely by altering the texture, or the 
motion of the minute parts it conſiſts of When water, hermetically ſeal'd 
up in a glaſs, is, by the cold, turn'd into ice, and thereby both loſeth its 
former fluidity and tranſparency, and acquires firmneſs, brittleneſs, and 
opacity, which qualities leave it again upon a thaw ; I demand, what ele- 
ment, or hypoſtatical principle can be ſhewn to get into or out of this ſeal'd 
glaſs, and by its intruſion and receſs, produce theſe alterations in the in- 
cluded body? So in that fixed metal filver, what ſenſible acceſſion or de- 
* can * proved to be made, as 8. ingredients, when, by bare ham- 
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physics. mering, it acquires a brittleneſs, which, by heating in the fire, wherein it 
ſenſibly loſes nothing, it may preſently be made to exchange for its former 


malleableneſs: and the ſame experiment, alſo, ſhews, that the inviſible 
agitation of the parts may alone ſuffice to give a body, at leaſt for a while, 
new qualities ;' ſince a thick piece of ſilver briskly hammer'd, will quickly 
acquire a conſiderable degree of heat, whereby it will be enabled to melt 
ſome bodies, to dry others, and to exhibit various phenomena, that it could 
not produce when cold. I might add, that ſpirit of nitre, tho* when in- 
cluded in a well-ſtopp'd vial, in the form of a liquor, it appears tranſparent, 
and without redneſs, will yet fill the upper part of the vial with red fumes, 
if the warm ſun-beams, or any fit heat, put the nitrous ſpirits into a brisker 
motion than they had whilſt in the form of a liquor. I might, alſo, demand 
what new element, or principle, is added to a needle, when the bare approach 
of a vigorous load-ſtone, endows it with thoſe admirable qualities of re- 
ſpe&ing the poles, and drawing other needles to it ; and what ingredient 
the ſteel loſes, when by a contrary motion of the load-ſtone, it is, in a minute, 
deprived of its magnetiſm. 

In the third place, it muſt be remember d, as we formerly obſerv'd, that 
when we conſider how numerous and various phenomena may be exhibited 
by mixed bodies, we are not preciſely to look upon them as portions of 
matter of a determinate nature or texture, but as they are parts of our 
fyſtem, and, conſequently, placed among other bodies. For being hereby 
fitted to receive impreſſions from ſome of thoſe bodies, and to make im- 
preſſions upon others, they will, upon this account, be render'd capable of 
producing, either as principal or auxiliary cauſes, a much greater number 
and variety of phenomena, than they could, if each of them were placed in 
a medium, that no way contributed to, or hinder'd its operations. 

In the laſt place, I aſſert, that the four Peripatetic elements, and the three 
chymical principles, being unable to give a tolerable account of the pheno- | 
mena of nature, we muſt ſeek for ſome more univerſal principles; and, that 
thoſe of the corpuſcular philoſophy, have a great advantage in being far 
more fertile and comprehenſive than they. Such phenomena, as the con- 
ſtant and determinate ſhape and figure of the mountains in the moon 3 the 
ſtrange generation and periſhing of the ſpots of the ſun, &c. cannot be 
aſcribed to the four elements, or their mixtures ; nor to thoſe of the three 
chymical principies, which are allow'd to be confin'd to the ſublunary re- 
gion. And there are very many phenomena in nature, ſeveral whereof, 
neither the Peripatetic, nor the chymical doctrine about the elements, or the 
ingredients of bodies, will enable us to ſolve; as the eclipſes of the ſun, 
the moon, and the ſatellites of Jupiter; the proportion of the acceleration of 
deſcent obſervable in heavy bodies; the ebbing and flowing of the ſea; with 
a great number of magnetical, muſical, ſtatical, dioptrical, catoptrical, and 
other ſorts of phenomena. | | | 

Having thus ſhewn, that the vulgar doctrine, about the ingredients of 
bodies, falls very ſhort of ſolving ſeveral kinds of nature's phenomena, it 
will follow, in general, that it is fit to look out for ſome more pregnant and 
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univerſal principles; and that in particular thoſe of the corpuſcular hypo- Pursics. 


theſis are preferable to the vulgar, will appear hereafter. And, indeed, it 


were ſtrange, if the conſideration of the various motions and textures of 
bodies, ſhould not ſerve to account for far more appearances, than the bare 
knowledge of the number of their quieſcent ingredients: for as local mo- 
tion is that which enables natural bodies to act upon one another; ſo the 
textures of bodies are the principal things, that both modify the motion of 
agents, and diverſify their effects, according to the various natures of the 
atient. 

: I come now to conſider the ſecond, and, indeed, the greateſt difficulty 
objected againſt our doctrine of the origin of qualities. Tis incredible, 
ſome will ſay, that ſo great a variety of qualities, as we actually find in na- 
tural bodies, ſhould ſpring from principles ſo few in number as rwo; and 
thoſe ſo ſimple as matter and local motion ; whereof the latter is but one of 
the fix kinds of motion reckon'd up by Ariftotle and his followers, who call 
it lation ; and the former being all of one uniform nature, is, according to 
us, diverſify d only by the effects of local motion. To ſolve this difficulty, 
I ſhall ſhew, firſt, that the other univerſal affections of matter, are mani- 
feſtly deducible from local motion; and next, that theſe principles being 
rariouſly aſſociated, are ſo fruitful, that a vaſt number of qualities, and 
other phenomena of nature, may reſult from them. 

Now, ſuppoſing, what is evident, (1.) that the local motion belonging to 
ſome parts of the univerſal matter, does not all tend the ſame way, but has 
various determinations in the ſeveral parts of this matter; it will follow, 
that by local motion thus circumſtanced, matter mult be divided into diſtin& 
parts, each of which being finite, muſt neceſſarily have, (2.) ſome bulk or 
ſize; and, (3.) ſome determinate or other. | 
And fince all the parts of univerſal matter are not always in. motion, 
ſome of them being arreſted by their mutual implication, or, having com- 
municated all that they had to other bodies; the conſequence is, that ſome 
of the portions of the common matter will be, (4.) in a ſtate of reſt» And 
theſe are the moſt primary and ſimple affections of matter. | 

Bur, becauſe there are ſome others that flow naturally from theſe; and are, 
tho not altogether univerſal, yet very general and pregnant; I ſhall ſubjoin 
9 moſt fertile principles of the qualities of bodies, and other phenomena 
of nature. - —_ As „an, 

Farther then, not only the greater fragments of matter, but the leſs, 
which we, therefore, call corpuſcles, or particles, have certain local re- 
ſpects to other bodies, and to thoſe ſituations, which we denominate from 
the horizon; ſo that each of theſe minute fragments may have, (5) a 
particular poſture or poſition, as erect, inclining, Oc. and, with rega 
to us Who behold them, (6.) a certain order, upon account whereof 
we (ay, one is before or behind another: and, (7.) many of theſe frag- 
ments being aſſociated into one maſs, have a certain manner of exiſting 
together, which we call texture, or by a more comprehenſive word, modi- 
fication. (8.) And becauſe there _ very few bodies, whoſe conſtituent 

| 0 2 parts 


| 


|, 


: "2 
wa 


276 Forms and Qualities. 
physics. parts can, by reaſon of the irregularity, or difference of their figures, and 
por other reaſons, touch one another every where ſo exquiſitely as to 
leave no intervals between them; almoſt all conſiſtent bodies, and thoſe fluid 
ones, that are made up of groſſer parts, will have pores. But (9) very 
many bodies having particles, which, by their ſmallneſs, or their looſe adhe- 
rence to the bigger, or more ſtable -parts of the bodies they belong to, 
are more eaſily agitated, and ſeparated from the reſt, by heat, and other 
agents; there will be great numbers of bodies which emit thoſe ſubtile 
emanations, that are commonly called effluvia And as thoſe con- 
ventions of the ſimple corpuſcles, that are ſo fitted to adhere to, or be 
complicated with one another, conſtitute ſuch durable cluſters of particles, 
as we may call the primary concretions, or elements of things: ſo (10) 
| theſe themſelves may be mixed with one another, and conſtitute compound 
bodies; and even theſe reſulting bodies may, by being mix'd with other 
4 compounds, prove the ingredients of re-compounded bodies; and ſo afford 
a way, Whereby nature varies matter, which we may call mixture, or com- 
poſition ; not that the name is here ſo proper, as when applied to the pri- 
| mary concretions of corpuſcles ; but becauſe it belongs to a multitude of 
| aſſociations, and ſeems to differ from texture; whereto, perhaps, it is redu- 
| cible, in this, that always in mixtures, but not in textures, there is required 
| a heterogeneity of the component parts. And every diſtin& portion of 
matter, whether it be a corpuſcle, a primary concretion, or a body of the firſt, 
or of any. other order of mixt bodies, is to be conſider'd, not as if it were 
placed in vacuo, nor as if it had relation only to the neighbouring bodies; 
but as being placed in the univerſe, conſtituted as it is, amongſt an innume- 
rable company of other bodies; whereof ſome are near it, and others very re- 
mote; ſome are great, and ſome ſmall ; ſome particular, and ſome general a- 
gents; and all of them govern'd as well (11) by the univerſal fabric of things, 
as by the laws of motion, eſtabliſhed by the author of nature, in the world. 
And having thus enumerated eleven very general affections of matter, 
which, with itſelf, make up twelve principles — in bodies; I may, 
in behalf of the corpuſcular philoſophy, apply to the origin of qualities, a 
compariſon of the old atomiſts, uſed by Lucretius, and others to illuſtrate 
the production of an infinite number of bodies, from ſuch ſimple fragments 
of matter, as they thought their atoms to be. For, ſince of the 24 letters 
of the alphabet, aſſociated ſeveral ways, all the words of the ſeveral lan- 
guages of the world may be made; ſo, ſay theſe naturaliſts, by variouſly 
connecting particular numbers of atoms, of particular ſhapes, ſi zes, and 
motions, into maſſes, an innumerable multitude of different bodies may 
be formed. Wherefore, if to the four affections of matter, which I call the 
moſt primary, and fimple, we add the ſeven other ways, whereby it may 
be alter d; we ſhall have eleven principles ſo fruitful, that, from their va- 
rious aſſociations, may reſult a much vaſter multitude of phenomena; and 
among them of qualities, than one who does not conſider the thing at- 
tentively would imagine. For, ſuppoſing our principles were but as. ſo 
many letters. of the alphabet, that could only be put together in different 
| 01 | num- 
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numbers, and in various orders; the combinations, and other aſſociations Paysics. 
that might be made thereof, is far more numerous, than a man who knows N 


not how to compute them, could eaſily credit, when told. 
But farther, each of theſe producers of phenomena, admits of a ſcarce 
credible variety: for, not to deſcend ſo low as inſenſible corpuſcles, many 


thouſands of which may be requiſite to conſtitute a grain of muſtard-ſeed ;. 


what an innumerable company of different magnitudes may we conceive, be- 
tween the bulk of a mite, and that of a mountain, or the body of the ſun? 

And ſo, tho' figure be one of the moſt ſimple modes of matter; yet it is 
capable of ſo great a multitude of differences, that it is of them, and their 
properties, that Euclid, Apollonius, Archimedes, Theodoſius, Clavius, and later 
writers, have demonſtrated ſo many propoſitions. And yet, all the regular 
figures are nothing to fuch irregular ſhapes as may be met with in na- 
ture ; moſt of which have no particular appellations, their multitude and 
variety having kept men even from enumerating them. 

I may add, that theſe varieties of figure and ſhape, alſo ſerve to modify 
the motion, and other affections of the corpuſcles endow'd with them; and 
of the compound body whereof it makes a part : and that the ſhape and 
ſize of bodies, whether ſmall or great, may exceedingly diverſify their na- 
ture, and operation, is very manifeſt, by conſidering how many diffe- 


rent ſorts of tools, and inſtruments, almoſt each of them fit for many dit 


ferent operations and uſes, ſmiths, and other mechanics, have form'd out 
of pieces of iron, only by making them of different ſizes and ſhapes. 
Thus, likewiſe motion, which ſeems ſo ſimple a principle, eſpecially in 
ſimple bodies, may, even in thoſe, be very much diverſify d: for it may be 
more or leſs ſwift, and that in almoſt infinite degrees ; it may be ſimple or 
uncompounded, uniform or irregular, and the greater celerity may precede 
or follow; the body may move in a ſtreight line, or in a circle, an ellipſis, 
hyperbola, parabola, &c. The motion of a body may be alfo varied, ac- 
cording to the ſituation, or nature of the matter it hits againſt, as that is 
capable of refle&ing or refracting it, or both; and this after ſeveral man- 
ners. Ir may have an undulating motion, and that with ſmaller or greater 
waves; or it may have a rotation about its own axis, or both a progreſſive 
motion and a rotation; and the one either equal to the other, or ſwifter 


thanit, in almoſt infinite proportions. As to the determination of motion, the 


body may move directly upwards, or downwards, declining or horizontally, 
eaſt, weſt, c. according to the ſituation of the impelling body. And beſides, 
theſe, and other modifications of the motion of a ſimple corpuſcle, or body, 
whoſe phenomena, or effects, will be alſo diverſify d by its bulk and figure; 
there will happen a new and great variety of phenomena, when feveral 
corpuſcles, tho primogeneal, and much more if they be compounded, 
move at once, ſo that the motion is conſider'd in ſeveral bodies: for there 
will ariſe new diverſifications, from the greater or leſs number of the mor- 
ing corpuſcles ; from their following one another cloſe or at a diſtance; 
from the order wherein they follow each other; from the uniformity of 


their motion, or the confuſion of it; from the equality or W 
r 
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pursics., their bulk, and the ſimilitude or diſſimilitude of their figures; from the 
LYN} narrownels or wideneſs, &c. of the channel or paſſage in which they move; 

with the thickneſs, thinneſs, pores, and the conditions of the medium 
thro' which they move; from the equal or unequal celerity of their mo- 
tion, and force of their impulſe : and the effects of all theſe are variable, 
by the different ſituation and ſtructure of the organs, or other bodies, on 
which theſe corpuſcles ſtrike. 

And ſince local motion is, next to the author of nature, the principal 
agent in the production of her phenomena, theſe diverſities, in the motion of 
bodies, mult neceſlarily produce a ſtrange variety in their nature, and qua- 
lities. Thus in muſic, as the inſtrument of producing ſounds trembles 
more or leſs ſwiftly, it puts the air into a vibrating motion, more or leſs 
brick; and produces thoſe diverſities of ſounds, which muſicians have 
diſtinguiſh'd into notes, and ſubdivided ; aſſigning to each a particular 
name. And tho' the bodies, from whence theſe ſounds proceed, may be of 
very different natures, as wire, ſtrings, pipes, &c. yet, provided they put 
the air into the like waving motion, the ſound, and even the note, will be 
the ſame; which ſhews how much that great variety, which may be ob- 
ſerv'd in ſounds, is the effect of local motion. And if the ſound come 
from an inſtrument, as a lute, where not only one ſtring hath its proper 
ſounds, but many have, among them, ſeveral degrees of tenſion, and are 
differently touch'd, as ſometimes theſe, and ſometimes thoſe together, 
-whereby more or fewer, or none of their vibrations, come to be coincident ; 
they will ſo ſtrike the air, as to produce ſometimes thoſe pleaſing ſounds 
we call concords, and ſometimes thoſe harſh ones we call diſcords. | 
Hence, then, appears the fertility of our principles. And this great va- 
riety may be produced, not only by the diverſifications that each ſingle 
principle is capable of ; but much more by the ſeveral combinations that 
may be made of them; eſpecially ſince our external and internal ſenſes are 
ſo conſtituted, that each of thoſe modifications may produce a diſtin& im- 
preſſion on the organ, and a correſpondent perception in the diſcerning 
-taculty : many of which perceptions, eſpecially if diſtinguiſhed by proper 
names, . belong to the liſt of particular qualities. 

The third and laſt difficulty that remains to be conſider d, may be thus 
propos'd. Since, according to the corpuſcular hypotheſis, not only one or 
two qualities, but all of them, proceed from the magnitude, ſhape, and con- 
texture of the minute parts of matter; if two bodies agree in one quality, 
and ſo in the ſtructure on which that quality depends, they ought to agree 
in other qualities alſo ; ſince thoſe, likewiſe, depend upon the ſtructure 
wherein they agree; and, conſequently, it ſeems impoſſible, that two ſuch 
bodies ſhould have ſo many different qualities, as experience ſhews they 
may. Thus tis pretended, that the whiteneſs of froth proceeds from the 
multitude and hemiſpherical figure of the bubbles tis made up of. And 
if this, or any other mechanical fabric, or contexture, be the cauſe of 
whiteneſs; how comes it to paſs, that ſome white bodies are inodorous, 
and inſipid, as the calx of hart's-horn ; others, both ſtrongly _— and 
rong- 
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ſtrongly taſted, as the volatile ſalt of harts-horn, or of blood; ſome diſſo- Physics. 
luble in water, as ſalt of tartar; others indiſſoluble in that fluid, as calcin d 
harts-horn, Cc. ſome fixed in the fire, as the body laſt named; oth ers fu- 
gitive, as powdered ſal- armoniac; ſome incombuſtible, as ſalt of tartar; 
others very inflammable, as camphire, Cc. This, I confeſs, is a conſiderable 
difficulty in the corpuſcular philoſophy. 

Bur, 1. I conſider, that in the pores of viſible and ſtable bodies, there 
may be often lodged inviſible and heterogeneous corpuſcles, to which a par- 
ticular quality that belongs not to the body, as ſuch, is to be referr'd. 
Thus in the caſe of a perfumed glove, in the pores of the leather, odoriferous 

rticles are harboured, which have a quite different nature from the leather 
itſelf, and wholly adventitious to it ; yet they endue it with a fragrancy. 

2. I conſider, that corpuſeles often of very different natures, if they be 
but fitted to convene, or to be put together after certain manners, which 
yet require no radical change to be made in their eſſential ſtructures, but 
only a certain juxta-poſition, or peculiar kind of compoſition, may, not- 
withſtanding their eſſential differences, exhibit the ſame quality. For in- 
viſible changes made in the minute, and, perhaps, undiſcernible parts of a 
ſtable body, may ſuffice to produce ſuch alterations in its texture, as to give 
it new qualities, and, conſequently, different from thoſe of other bodies of 
the ſame kind or denomination ; and, therefore, tho' there remains as much 
of the former ſtructure as is neceſſary to make it retain its denomination ; 
yet it may admit of alteration, ſufficient to produce new qualities. Thus, 
when a bar of iron has been violently hammer'd, tho' it continues iron (till, 
and is not viſibly alter'd in its texture; yet the inſenſible parts may have been 
put into ſo vehement an agitation, as to make the bar too hot to be held in 
one's hand. And ſo if you hammer a long thin piece of ſilver, tho? the change 
of texture is inviſible, it will acquire a ſpringineſs that it had not before. 
And if you leave this hammer'd piece cf ſilver a while upon glowing coals, 
and after let it cool, tho* your eye will, perchance, as little perceive that | 
the fire has alter d its texture, as it did before that the hammer had; yet 1 
you will find the elaſticity deſtroy'd. If on the ſurface of a body, a multi- 
tude of ſharp and ſtiff parts, placed thick or cloſe together, are protuberant, 
let the body be iron, filver, or wood, or of what matter you pleaſe ; theſe 
extant and rigid parts Will ſuffice to make all theſe bodies exhibit the ſame 
quality of roughneſs. And if all the extant parts of a phyſical ſuperficies 
be ſo depreſs'd, that there is a level made with the other ſuperficial 
parts of a body ; this is ſufficient to deprive it of its former rough- 
neſs, and give it that contrary quality we call ſmoothneſs : and if this 
ſmoothneis be exquiſite, and happen to the ſurface of an opake body, of a 
cloſe and ſolid texture, and fit to reflect the incident rays of light undiſturb'd, 
this is enough to wake it ſpecular, whether the body be ſteel, ſilver, braſs, 
marble, flint, or quick- ſilver, &c. For beſides that peculiar and eſſential 
modification which conſtitutes a body, and diſtinguiſhes it from all others 
not of the ſame ſpecies, there may be certain other attributes, that we call 


extra- eſſential, common to that body, with many others; and upon which 
may 
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Parsics. may depend thoſe more external affections of the matter, which ſuffice to give 
LY VV it a particular relation to other bodies; ſeveral of which relations we ſtyle 


qualities. 'Thus, provided there be a ſufficient and confuſed agitation made 
in the inſenſible parts of a body, whether iron, braſs, ſilver, wood, or 
ſtone ; the vehement agitation, without deſtroying the nature of the body 
that admits it, will fit it for ſuch an operation, upon our organs of feeling, 
and upon bodies eaſy to be melted, as we call heat. And ſo in the inſtance 
of whitenels, it is accidental to it, that the corpuſcles it proceeds from, ſhould 
be little hemiſpheres : for tho? it happen to be ſo in water agitated into 
froth ; yet in water frozen to ice, and beaten very ſmall, the corpuſcles may 
be of all manner of ſhapes, and yet the powder be white. And it being 
ſufficient to the production of whiteneſs, that the incident light be plenti- 
fully reflected every way undiſturbed by the refle&ing body, it matters not 
whether that body be water or white-wine, or ſome other clear liquor, 
turn'd into froth ; or ice, or glaſs, or cryſtal, or clarified roſin, Cc. beaten to 
powder; ſince, without diſſolving the eſſential texture of theſe, formerly, 
diaphanous bodies, it ſuffices that there be a comminurion into grains nume- 
rous and ſmall enough, by the multitude of their ſurfaces, and thoſe of the 
air, that gets between them, co hinder the paſſage of the rays of light, and 
refle& them every way plentifully and undiſturb'd. And there may be other 
general affe&tions of corpuſcles, beſides the ſhape or ſtructure of them, by 
virtue whereof, aggregates even of ſuch as appear homogeneous, may ex- 
hibit different*qualities : for inſtance, they may have ſome when they are 
in a brisk motion, and others when they are but in a languid one, or at 
reſt ; as ſalt-petre, when its parts are ſufficiently agitated by the fire in a 
crucible, is not only fluid, but tranſparent, almoſt like water; tho* when it 
cools again, it becomes a hard and white body ; butter, that is opake, in 
its moſt uſual ſtate, may be tranſparent when melted ; and a great quantity 
of beaten alabaſter, which uſually retains the form of a moveleſs heap of 
white powder, by being, after a due manner, expoſed to heat, obtains, with- 
out being brought to fuſion, many of the principal qualities of a fluid body. 
And if a glaſs be half fill'd with good ſpirit of nitre or Aqua fortis, it will, 
unleſs it be extraordinarily dephlegmed, exhibit no redneſs, or colour tending 
thereto ; but if you warm it a little, or caſt a bit of iron or ſilver therein, 
to put the liquor into a commotion, then the nitrous ſpirits putting off the 
form of a liquor, and aſcending in that of fumes, will make all the upper 
part of the glaſs look of a deep yellow, or a red. 

3. We have already obſerved, that a body, with regard to the production 
of qualities, is not to be conſider'd barely in itſelf, but as placed in, and as 
it is a portion of the univerſe. 

Laſtly, as to that part of the grand objection we are clearing, which ur- 
ges the difficulty of explaining, upon the corpuſcular principles, how, for 
example, the ſame body, whoſe ſtructure ſhapes it, ſo as to be fit to exhi- 
bit whiteneſs, ſhould likewiſe poſſeſs ſeveral other qualities, that ſeem to 
have no affinity with whiteneſs ; we are aſſiſted to remove it by the paſt diſ- 
courſe : for ſince corpuſcles, without loſing the texture eſſential to them, 

; | may, 
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may, as we have ſhew'd, have their ſhape, their ſurfaces, or their ſituation Paysrcs. | 


chang'd; and, alſo, admit of alterations, as to motion or reſt; as to degrees 


or other circumſtances of motion, as to laxity and denſity of parts; &c. it 
is certainly poſſible, that a _— corpuſcle, and much more that an aggre- 
gate of them, may, by ſome of theſe, or the like changes, be fitted to pro- 
duce ſeveral other qualities, beſides thoſe that neceſſarily flow from it; 
eſpecially, ſince the qualities, commonly call'd ſenſible, and many others 
too, being, according to our opinion, but relative attributes, one of theſe 
alterations, tho* but mechanical, may endow the bod y it happens to, with 
new relations, both to the organs of ſenſe, and to ſome other bodies, and, 
conſequently, with additional qualities, | 

If from good Venice turpentine, you gently evaporate about a third part 
of its weight, you may obtain a fine tranſparent, and, almoſt, reddiſh colo- 
phony. Beat this very ſmall, it will loſe its colour and tranſparency, and 
afford an opake, and very white powder; expoſe it to a moderate heat, and it 
will quickly, without violence, both regain its colour and tranſparency, and 
become fluid ; and, if whilſt it is thus melted, you put the end of a reed a 
little beneath the ſurface, and dexterouſly blow into it, you may obtain 
bubbles adorn'd with very various and vivid colours. If, when it has loſt 
its fluidity, and remains tolerably warm, you take it into your hands, you 
will find it has, in that ſtate, a viſcoſity, by virtue of which, you may, like paſte, 
draw it out into threads; but as ſoon as it grows quite cold, it becomes ex- 
ceeding brittle ; and, if whilſt it is yet warm, you give it the ſhape of a 
triangular priſm, and make it of a convenient bulk, it will exhibit variety 
of colours, almoſt like a triangular glaſs. Whilſt this colophony is cold, and 
its parts are not put into a due motion, ſtraws, and other light bodies, 
may be held unmov'd cloſe to it; but if by rubbing ir a little, you agitate 
the parts, tho”, perhaps, without ſenſibly warming the colophony, it ma- 
niſeſts an electrical quality, and readily draws to it ſtraws, and other light 
bodies that it would not move before. Though urine be eſteem'd a homo- 
geneous body, and tho' it loſes its texture by putrefaction, before it is 
diſtill'd ; yet when it has been twice or thrice rectified, the ſpirits of it, 
ſwimming in a phlegmatic vehicle, leave a pungent ſaltneſs upon the tongue, 
and a very ſtrong and offenſive ſmell; and when freed from the water, they 
are white to the eye, and exceeding ſharp to very tender and excoriated parts, 
and burn like a cauſtic; ſo that J have ſeen them preſently make bliſters up- 
on the tongue; and the ſame ſaline particles inviſibly flying up to the eyes, 
prick them, and make them water; and invading the noſe, often cauſe that 
great commotion in the head and other parts of the body, we call ſneezing. 
The ſame corpuſcles, if ſmelt to by a woman in hyſterical fits, very often 
ſuddenly relieve her; and ſo may be reckon'd among the ſpecific remedies 
of that odd diſeaſe. The ſame corpuſcles taken into the human body, have 
the qualities that, in other medicines, we call diaphoretic and diureric : 
the ſame particles put upon filings of braſs, produce a fine blue ; but upon 
the blue or purple juices of many plants, they preſently produce a green : 


being put to work upon copper, whether crude or calcined, they readily 
Vo I. I. Pp diſſolve 
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pursics. diſſolve it, as corroſive menſtrua do other metals; and yet the ſame corpuſcles 
being blended, in a due proportion, with the acid ſalts of ſuch menſtrua, 
have the virtue to deſtroy their corroſiveneſs; and if put into ſolutions 
made with ſuch menſtrua, they have a power, excepting in very few caſes, 
to precipitate the bodies therein diflolv'd. Now, this ſpirituous ſalt being 
a factitious body made out of a putrefied one, and ſo ſimple as to be a chymi- 
cal ſalt, or one of the three chymical principles of compound bodies; it 
muſt the rather be allow'd to work by virtue of its mechanical properties. 
And to confirm this the more, I ſhall add, that if you compound it with 
the ſaline particles of common ſalt, which is, alſo, a factitious thing, and 
confeſſed by chymiſts to be a ſimple principle ; theſe two being mixed in 
a due proportion, and ſuffer d leiſurely to combine, they will aſſociate 
themſelves into corpuſcles, wherein the urinous ſalt loſes molt of the quali- 
ties I have aſcribed to it; and, with the acid ſpirit, compoſes, as I have often 
try'd, a body little different from fal-armoniac : which great change, can 
be aſcribed to nothing ſo probably, as to that of the ſhape and motion of 
the urinous ſalt, which changes the one, and loſes a great part of the other, 
by combining with the acid ſpirits. And to confirm that both theſe happen, 
I have,ſeveral times,flowly exhaled the ſuperfluous liquor from a proper mix- 
ture, made of the ſpirit of urine, and that of ſalt; and found that there re- 
mained in the bottom, a ſalt not only far more ſluggiſh than the fugitive 
one of urine, but whoſe viſible ſhape was quite — from that of the 
volatile cryſtals of urine ; this compounded ſalt being generally figured either 
like combs or feathers. 

And now, if to all this we add, that the extra-eſſential changes, which 
may be made in the texture, ſhape, motion, Cc. of bodies, agreeing in 
their eſſential modifications, may not only qualify them to work imme- 
diately, after a different manner upon different organs of ſenſe, and upon 
other bodies, whole pores, Cc. are differently conſtituted; but may diſpoſe 
them to receive other impreſſions than. before, or to receive the uſual ones 
after another manner, from the more univerſal agents of nature ; it muſt ap- 
pear that the propoſed ſcruple, is not ſo perplexing to our philoſophy, as 
might be at firſt imagined. 

The three difficulties ſpoke to, were thought fit to be here conſi- 
dered, becauſe there are many things in my other writings, which refer to 
the preſent ; becauſe the ſcruples themſelves, are of great moment, and 
have not been diſcuſs'd by others ; and becauſe the difficulties relating to 
the corpuſcular hypotheſis, in general, the ſolution of them may both ſerve 
to confirm ſeveral of the particulars, mentioned in giving the origin of forms 
and qualities, and conduce to clear and explain ſeveral other phenomena of 


nature. | 
SEC T. IX. 
2 Feg HE qualities ofparticular bodies, for the moſt part, conſiſt in relations, up- 
— fntre= on account whereof, one body is fitted to act upon others, or diſpoſed 
4. to be acted upon by them, and receive impreſſions from them; as quick- 


filver 
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ſilver has a quality or power to diſſolve gold and ſilver ; and a capacity, or Physics. 
diſpoſition, to be diſſolved by Aqua fortis and Aqua regis. And tho? in eſti- V 


mating the qualities ofnatural bodies, we uſually conſider only the power that 
any particular one has of acting upon, or its capacity of ſuffering from 
others, wherewith it is obſerved to have a manifeſt commerce, in making or 
receiving impreſſions 3 yet there may be ſome attributes belonging to a par- 
ticular body, and ſeveral alterations to which it may be liable, not barely 
upon account of thoſe qualities that are preſumed to be evidently inherent 
in it, nor of the rſepects it bears to thoſe other particular bodies whereto it 
ſeems manifeſtly related ; but upon account of a ſyſtem conſtituted, as our 
world is, of ſuch a fabric, that there may be many unheeded agents, which, 
by unperceived means, have great operations upon the body we conſider ; 
and work ſuch changes in it, and enable it to work ſuch changes on other 
bodies, as are rather to be aſcribed to ſome unheeded agents, than to thoſe 
other bodies, with which the body propoſed is obſerved to be concern'd. 
So that if many bodies, which I could name, were placed together in ſome 
imaginary ſpace beyond the bounds of our ſyſtem, tho? they would retain 
many of the qualities they are now endow'd with; yet they could not 
poſſeſs them all; but by being reſtored to their former places in this world, 
they would regain a ſet of faculties and diſpoſitions, depending upon ſome 
unheeded relations and impreſſions from the determinate fabric of the grand 
ſyſtem or world, whereof they are parts; and theſe are what I call coſmi- 
cal, or ſyſtemarical qualities. 

I have, already, ſlightly touch'd upon this ſubjeR, in ſhewing the origin of 
forms, but otherwiſe there than Iat preſent intend. I there, principally, obſerve, 
that one body being ſurrounded with others, is manifeſtly wrought upon by 
many of them: but here I ſhall chiefly conſider the impreſſions a body 
may receive, or the power it may acquire from thoſe vulgarly unknown, or 
unregarded agents, by which it is affected, not only upon the account of its 
own peculiar texture or diſpoſition, but by virtue of the general fabric of 


the world. | 
The obſervations whereon I found my notions of coſmical qualities, are 


principally theſe. : 
1. There are many bodies, that, in ſeveral caſes, act not, unleſs ated upon; 


and ſome of them act either ſolely, or chiefly, as they are ated on by gene- 
ral and unregarded agents. 

2. There are certain ſubtile bodies in the world, that are ready to inſi- 
nuate themſelves into the pores of any other, diſpoſed to admit their action, 
or that in ſome way affect it ; eſpecially if they have the concurrence of 
other unobſerved cauſes, and the eſtabliſhed laws of the univerſe. 

3. A body, by a mechanical change of texture, may acquire or loſe a 
fitneſs to be wrought upon by unheeded agents, and, alſo, to diverſify their 
operations on it, by a variation of its texture. ; 

Theſe three propoſitions I ſhall confirm diſtinctly, by experiments and 
phenomena: but as ſeveral of the proofs may each ſerve to confirm more 
than one of the propoſitions, I leave them to be reterr'd thereto occa- 


ſionally. Pp 2 To 
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Forms and Qualities. 
To begin with the firſt propoſition. 


FRAOP. 1. | 
There are many bodies, that, in ſeveral caſes, act not, unleſs acted upon; and 
ſome of them a# either ſolely, or chiefly, as they are afted on by general and 
unheeded agents. 


The former part of the propoſition will, I preſume, be eaſily granted, being 
evident from ſuch groſs inſtances as theſe, that a wedge will not cleave a 
block, unleſs forcibly impell'd againſt it; nora knife attract a needle, unleſs ex- 
cited bya magnet. But the ſecond will not, probably,be ſo readily aflented to. 

We ſee however, 1. that concave ſpecula, and convex burning-glaſles, 
kindle not other bodies, unleſs enabled to do it by the reflected or refracted 
beams of the ſun. 

2. An iron bar left in a window, or ſome other fit place, in a perpendi- 
cular poſture, tho* it was not, when firſt erected, endowed with magnetiſm, 
more than other iron bars of the like ſhape and bigneſs ; yet after it hath 
long ſtood in that poſition, it will, by the operations of inviſible agents, ac- 
quire a farther degree of magnetiſm than belonged to it as a bar of iron, and 
be enabled to produce ſome magnetical phenomena, that it could not before. 

And, 3. a very flat and exquiſitely poliſh'd piece of marble, tho? of itſelf it 
hath no power to raiſe any otherdry body it is laid upon ; yet, if it come to 
be carefully applied to another piece of marble, as flat and ſmooth as itſelf, 
and of a bulk not too unwieldy, the upper ſtone, by virtue of the fabric of 
the world, which gives the ambient air fluidity and weight, is enabled, 
without any other cement or faſtening inſtrument, than immediate contact, 
ro raiſe with itſelf, when lifted, the lower, tho', perhaps, an hundred times 
heavier than it. 

We come now to our ſecond propoſition. 


PROP. II. | 

There are certain ſubtile bodies in the world, ready either to infinuate themſelves 

into the pores of any body diſpoſed to admit their action; or, by ſome other way 

to affect it; eſpecially if they have the concurrence of other unobſerved cauſes, 

and the eſtabliſhed laws of the uni ver ſe. | 

The antient philoſophers thought” there was a more ſubtile body than 
common air, called ther; and the Cartefians tell us, there is ſuch a ſubſtance 
diffuſed throughout the univerſe ; which they call, according to the different 
ſizes of its parts, ſometimes primum elementum, and ſometimes materia celeſtis, 
which they ſuppoſe pervades all other bodies, adequately filling thoſe of their 
pores that are correſpondent, in bigneſs and figure, to the different portions 
of this inſinuating matter. That there may be ſuch a ſubſtance in the uni- 
verſe, the aſſertors of it, will, probably, bring for proofs, ſeveral of the 
following phenomena. But whether there be, or be not, in the world, any 
matter that exactly anſwers to the deſcriptions they make of their firſt and ſe- 
cond elements, I ſhall not here determine; tho* many experiments feem to 
argue, that there is in the world, an etherial ſubſtance very ſubtile and 
diffuſed. Burt the inviſible agents I ſhall here chiefly take notice of, will be 
the air, and the magnetical effluvia of the terreſtrial globe. SOIL 
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If you make a bar of ſteel, and another like it of filver, red-hot, and put 
them to cool directly north and ſouth; tho* they be both acted upon by t 
ſame agent, the fire; and tho'the ſteel,as to ſenſe, ſeems ſuch as it was before; 
yet the texture of theſe two metals being different, the ſilver acquires no 
new quality by what hath been done to it ; but the ignition of the ſteel ha- 
ving open'd its pores, and made its parts more pliable ; as may be argued 
from the ſwelling of iron heated red-hot, and its ſoftneſs under the hammer ; 
it is eaſily, whilſt it lies north and ſouth, pervaded by the magnetical efflu- 
via of the earth, which glide perpetually through the air from one pole to 
another ; and by the paſſage of theſe ſteams, it gains a magnetical property, 
which ſome call polarity, whereby, being freely ſuſpended, and exactly 
poiſed, it will, as it were, ſpontaneouſly direct itſelf north and ſouth, and 

exerciſe ſome operations peculiar ro magnetical bodies. Nay, the earth has 
a power to impart, in ſome caſes, a directive faculty to the load-ſtone itſelf. 
For having, by ignition, deprived an oblong magnet of its former attractive 
power, by taking it red-hot our of the fire, and ſuffering it to cool north 
and ſouth, I could, at pleaſure, by placing either end horthward or ſouth- 
ward, whilſt the ſtone was cooling, make what end I pleas'd, point to the 
north-pole ; and when it had done fo, I could, by a new ignition, and 
cooling of it in a contrary poſition, make the ſame end of the ſtone become 
its ſouth-pole. 

If you take a capacious glaſs vial, with a {lender neck ending in a ſharp 
angle, with only a pin-hole left open at the apex, and by ſuction, or other- 
wiſe, free it from as much of the included air as you can; and then, 
having ſtopp'd this hole with your finger, you immerle it deep under water, 
and withdraw your finger; the water will, contrary to its own gravity, 
ſpring up with violence to a great height into the cavity of the vial : which 
motion of a heavy liquor upwards, cannot be aſcribed to the motion of the 
finger, for that did but unſtop the orifice, and not impel up the water; 
nor need it be attributed to nature's abhorrence of a vacuum, which it is 
altogether unneceſſary to have recourſe to in this caſe ; the preſſure of the 
ambient air, proceeding from its weight upon the ſurface of the water, be- 
ing ſufficient to force up that liquor into the vial, in which the remaining 
air, by being rarified, upon the abſence of a large part, hath its ſpring too 
much weaken'd to reſiſt the preſſure of the outward air, as before : but if 
this experiment were try'd in vacuo, the water would not riſe, there being 
no outward: agent to impel it. 

I had once occaſion to pluck ſome beans and peaſe, out of the ground 
where they grew, and after having taken notice of their ſwelling upon im- 
bibing the moiſture of the ſoil, and of their way through the earth, not 
only upwards with their ſtems, but downwards with their roots ; I thought 
fit to try with what force the cauſes of their intumeſcence endeavour'd to 
dilate them. Upon this, I fill'd ſeveral ſtrong vials and bottles, with horſe- 
beans, the intervals between the beans being fill'd with water, and the 
veſſels exactly ſtoppd with corks, ſtrongly ty'd down, that nothing might 


get out: for I ſuppos'd, that the water ſoaking into the pores of the wa 
wo 
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Pursics. would alter the figure of the pores, and produce in them an endeavour to 


; 


ſwell, which being check d by the ſides and ſtopples of the veſſels, would 
diſcover,” whether that endeayour were ſo forcible as I ſuſpected. The ſuc- 
ceſs was, that moſt of theſe veſſels, whether of glaſs or earth, were burſt 
aſunder; the ſtrings wherewith the ſtopples were ty'd, breaking in the 
others. | 

To make a nearer eſtimate of the expanſive force of the ſwelling beans, 
we put a convenient quantity of them into aſtrong hollow cylinder of braſs, 
whoſe cavity was ſix inches in length, and two in diameter; then having 
-pour'd in water enough to reach the top of the beans, we put into the upper 
part of the cylinder, which was purpoſely left unfill'd, a wooden plug made 
fit for the orifice, but a little narrower, that it might move freely up and 
down, tho' the water ſhould make it ſwell. At the top of this plug, was 
left a thick piece of wood, broad and round, whereon we placed a common 
half hundred weight, which yet could not depreſs the plug too low, being 
hinder'd by the breadth of the round piece of wood. Laſtly, having kept 
the cylinder in a quiet place, for a fit time, which is ſometimes two or three 
days, more or leſs, according to the temperature of the air, and quantity 
of the included matter, we obſerv'd, that the ſwelling beans had very mani- 
feſtly rais'd the plug, and the incumbent weight, beyond the former ſtation, 

I was willing to try whether this force would not, in cylinders of diffe- 


rent ſizes, be increas'd in a duplicate proportion to that of their diameters ; 


but could not make ſuch an experiment as I defired. I diſcover'd, how- 
ever, that the preſſure, upwards, was very much greater in wide cylindri- 
cal veſſels, than in narrow ones ; for, having put a convenient quantity of 
dry'd beans, into a metalline cylinder, not fix inches deep, nor four broad; 
when the included beans began to ſwell, they manifeſtly rais'd ſuch a plug 
as we: juſt deſcrib'd, clogg'd with above an hundred pound weight. 
Whether this may paſs for a new phyſical moving power, I ſhall not de- 
termine; and leave it to be conſider d, whether, by mechanical contrivances, 
ſo great a force as might this way be produced; and which ſlowly, and fi- 


ently proceeds, till it hath attain'd its utmoſt energy, and is capable of be- 


ing convey'd into bodies, without working any effect before the due time, 
may not, in ſome caſes, be applicable to uſeful purpoſes. i 

We might here obſerve, that the air, with the æther harbour'd in its 
pores, may, by its conſtant preſence, or by its being always at hand, and 
ready to inſinuate itſelf, wherever it can get admittance, concur to the 
production of ſeveral phenomena, where its co-operation has not been 
ſuſpected by philoſophers. For the preſence of the air, to preſs upon 
the ſuperficies of liquors, is ſo requiſite in ſuction, that they will not, 


thereby, be made to aſcend without it; and ſome bodies will not, 


readily, be «brought to putrefaction, if the air be, a-while, carefully 


excluded. Nay, the light which appears in ſome rotten woods, and in 


putrefied fiſh, ſo much depends upon the preſence of the air, as to 


diſappear, if that be quite withdrawn from them; but when reſtored tothe 
contact of the air, they will, again, ſhine as before. 


But, 
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But, beſides what the air, and the more ſubtle matter mix'd with it, does as Parsics. 
a ſubſtance, it may perform. ſeveral things upon other accounts; as its fine, 
parts may be inſenſibly moved in ſtrait lines, or, as it is the ſubject of 
ſwarms of corpuſcles, put into peculiar, tho' inviſible motions. For in- 
ſtance ; if I take a ſheet of paper, and rub it over with oil; that which the 
liquor apparently does, is only to pierce or ſoak into the pores of the paper ; 
which before did, by their crookedneſs, or upon ſome other mechanical 
account, render the paper opake. But this inſinuation of the unctuous 
body into the pores, having alter'd them as to figure, ſize, or both ; 
and by that alteration given the paper a texture diſpoſed to allow due 
paſſage to the corpuſcles of light; the motions, or inviſible corpuſcles of 
the air, depending upon the conſtitution of the world, preſently act upon 
the paper, and produce beyond it, both a ſenſation of light, and the re- 
preſentations of a multitude of objects, whence the light reflects, and which 
could not be ſeen thro” it before. 

If a box be ſo contriv'd, that there may be, towards one end of it, a fine 
ſheet of paper, ſtretch'd like the leather of a drum-head, at a convenient 
diſtance — the remoter end; here there is to be left a hole fitted for the 
purpoſe; you may, at a little hole left at the upper end of the box, ſee 
upon the paper, very lively and pleaſing repreſentations, not only of the 
motions, but ſhapes and colours of external objects. And, ſince upon turning 
this inſtrument, or Camera obſcura, any way, new objects every where ariſe, 
and ſometimes new landſcapes upon the paper; there muſt be, all day long, 
in all parts of the air where this phenomenon is exhibited, either certain 
efluvia, emitted on all ſides of the objects, or certain motions of inſen- 
ſible corpuſcles, which, rebounding firſt from the external object, and 
then from the paper, produce in the eye, the images of theſe objects: ſo 
that the air is every where full of viſible ſpecies, which cannot be intel- 
ligibly explain'd, without the local motions of ſome minute corpuſcles, 
that, whilſt the air is enlighten'd, are always paſſing thro” it. 

I include the eſtabliſh'd laws of the univerſe in our ſecond propoſition, 
as a part of the preſent conſtitution of our ſyſtem ; becauſe ſome of thoſe 
laws greatly contribute to the operation of the unheeded cauſes we are 
treating of. Thus, for inſtance, if you take a bar of iron, and holding it 
perpendicularly, apply the loweſt part of it to the northern point of a 
well-poiſed magnetical needle, the bar will preſently drive it away; but 
that magnetiſm, by which the bar does this, -as 'ris preſently acquired by 
the poſture it had, ſo tis as ſuddenly changed, if you invert that poſture ; 
for if you hold the bar perpendicularly under the needle, ſo that the fame 
part, which before was placed directly over the north point of the needle, 
comes directly under the ſame point; the bar will not, as before, repel, but 
attract it: but if this bar has been, for a long time, kept in an erect poſture ; 
as, if it be taken from ſome old window, or if having been heated and 
cooled, it has very long lain north and ſouth ; it will appear endow'd with 
a ſtronger and more durable verticity ; which ſeems to proceed from hence, 


that, by lying north and ſouth, it lay in the way, which, according to hs 
E — 
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Paysics. eſtabliſh'd laws of nature, the magnetical Mavia of the earth muſt paſs. 
LYN along in ſtreams from pole to pole; whereby they have the opportunity 
gradually to work upon the pores of the iron in their courſe, and fit them 
to give paſſage to the efluvia of magnetical bodies; in which fitneſs the mag- 
netiſm of iron ſeems principally to conſiſt : but if this metal had all the 
while lain eaſt and welt, inſtead of north and ſouth, it would have acquired 
no magnetical virtue. And the reaſon why an ere poſture gives a rod of 
iron a power to drive away the north point of the needle, is, probably, this; 
that the lower end, being nearer the earth, more plentifully participates of 
the magnetic effluvia, which fly in a cloſer order there, than farther off; 
and, by powerfully affecting that part of the iron, turn it, for a time, into 
the iron's north pole ; which, according to magnetical laws, ought to drive 
away the north pole of the needle, and attract the ſouth : whereas, if the 
bar being inverted, that end which was uppermoſt becoming the lower, 
muſt, for the ſame reaſon, have a contrary effe& ; unleſs, by having ſtood 
long, its verticity be too well ſettled, to be ſuddenly deſtroy'd, or alter'd 
by the effluvia of ſo languid a magnet as the earth. But whether this 
ſolution be juſt, or no, it appears, by the neceſſity both of a determinate 
poſition of the iron, and its long continuance in that poſition, to make the 
metal acquire a durable verticity, that thoſe unheeded magnetical teams, 
which communicate ſuch a magnetiſm to the iron, move and act according 
to laws eſtabliſh'd in nature; which is all my preſent deſign requires. 
To come to our third and laſt propoſition. 


PROP. III. 


A body, by a mechanical change of texture, may acquire or loſe a fitneſs to be wrought 
upon by unheeded agents, and alſo to diverſify their operatious on it, by a varia- 
tion of its texture. 


Tis a cuſtom at ſea, when the ſhip ſails with too ſlack a wind, to throw 
water againſt the ſails. At the firſt, this may ſeem a very improper means to 
promote the way of the ſhip, ſince there is the weight of ſo much water 
added to that of the veſſel ; yet I have ſeen the ſeamen uſe it as one of 
their beſt expedients, when we were cloſely chaſed by pirates: nor is it ir- 
Tational ; for when the fails are dry, a large part of the wind that blows 
upon them, eaſily paſſes thro* thoſe meaſhes, or large pores that are left 
between the threads, of which a fail conſiſts ; but being wetted, the im- 
bibed water makes the threads ſwell every way, and, conſequently, much 
contracts the 2 or intervals between them; whence the wind cannot 
paſs them ſo freely as before; but, finding a greater reſiſtance in the ſail, 


beats more forcibly upon it. | 
But farther, tho” good common tartar, uſually of itſelf, keeps dry in the 
air, and will not eaſily diſſolve in cold water; yet, if it be calcined, tho 
but very moderately, the ſalt in the remaining coal, the texture being now 
altered, will readily run in the moiſt air. Having heated and cooled a load- 
ſtone, thoꝰ it had loſt ſo little by the fire, that the eye diſcover'd no * 
either 


either in its ſhape or bulk ; yet the operation of the fire, by changing the Pars1cs. 
inviſible texture, ſo alterꝰd the diſpoſition of it, with regard to the magnerical LFWWy 


eAluvia of the earth, that I could preſently change and alter the poles of 
the ſtone, making the ſame end point ſometimes to the north, and ſome- 
times to the ſouth. The like change of verticity I have alſo made mere 
iron capable of, without the help of fire, or any other magnet, than the 
earth: and I find by trial, that a certain heavy ſtone, uſually thought to 
be not of a metalline nature, may, by a ſlight and quick preparation, that 
alters not its bulk or ſhape, be enabled to attract and repel the poles of a 
magnetic needle. | 

To the inſtances already given in ſolid bodies, it will not be amiſs to add 
two or three in fluids. It honey and water be, each of them apart, put into 
a convenient veſſel, they will both retain their nature, and tho* you ſhou'd 
mix them together in an undue proportion, ſo that by reaſon of too much 
honey, the conſiſtence be too thick; or if by being diluted with too large a 
proportion of water, the ſolution be too thin, they may ſtill continue honey 
and water; but if they be duly proportion'd, as if you put to one part of 
honey, 4 or 5 of water, then their new texture ſo diſpoſes them to be 
acted on by the ſubtile matter, or whatever other common agent nature em- 
ploys to produce fermentations, that the ingredients no longer continue 
what they were, but begin to work like new muſt or wort: and I have try'd, 
that ſo ſmall and ſhort a local motion, as that of a coach, for a while, has fo 
excited ſuch a liquor, as to make it violently force its way out of the veſſel, 
or throw out the ſtopple. And an eminent wine-merchant, who lived many 
years in the Canaries, aſſured me, he had there feveral times obſerv'd, that 
if a pipe of the beſt ſort of canary were, when it was about a month old, 
rudely roll'd, tho* but the length of a hall or gallery, ſo tranſient and 
ſlight a diſcompoſure of the texture, would quickly make ſo great a change 
in it, that often a large quantity of wine would be violently thrown out av 
the bung ; or, if the pipe were too cloſe ſtopped, it would have its head, 
or bottom, beat out. 

We have numerous inſtances of the cracking of common glaſs, when it 
is, too ſoon after being removed from the fire, expoſed to the cold air, and 
the ſubtile bodies that are in it; which would not have crack'd it, if it had 
cooled more ſiowly, ſo that its parts might have had leiſure to ſettle into a 
texture, convenient for the paſſage of thoſe ſubtile bodies; which, in that 
caſe, would have freely pervaded it. But I have, ſometimes, given a more 
quick and manifeft inſtance of the importance of the preſent texture of a 
body, with regard to the univerſal and invifible cauſes, that may work up- 
on it : for having heated a plate of copper red- hot, and then ſuffer'd it to 
cool a little, on ſome leſs hot part of the fire, ſo that it might not appear at 
all ignited when removed, to a ſheet of paper; yet, upon its being ex- 
poſed to the atmoſphere, the ſuperficial part would not only crack as a glaſs 
haſtily cooled, but preſently fly off in numerous flakes, and not with- 
out noiſe ; ſo that, in a ſhort time, I have had the ſurrounding part of 
the paper, on which the plate reſted, almoſt quite covered with little ſcales, 
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Pursics. as it were, of that metal. And the Bolonian ſtone, by calcination, acquires- 


WY WV this property, that if expoſed to. the ſun-beams, or other ſtrong light, it 
will, in a few minutes, appear luminous; and, for ſome. time, continue ſo 


in the.dark. 
STC... XxX 


Colmical hep: Have had ſome faint ſuſpicion, that beſides thoſe more numerous and 
Ry uniform ſorts of minute r which are by ſome of the modern 
and orders of philoſophers thought ro compoſe the æther, there may, poſſibly, be ſome 
— other kind of corpuſcles fitted to produce conſiderable effects, when they 
find bodies proper to be wrought on by them. But, tho? *cis poſſible that 
theſe effects may be plauſibly explain'd by the æther, as tis already under- 
ſtood ; yet, I ſuſpect they are. not ſolely due to the cauſes aſſign d them, 
but, in ſome meaſure, to the.corpuſcles above-mentioned. 5 | 

In the zther of the ancients, there was nothing taken notice of but a 
diffuſed and very ſubtile ſabſtance; yet we-are, at preſent; content to allow, 
that there is always in the air a ſwarm of teams, moving in a determinate 
courſe betwixt the north and ſouth poles; which we ſhould not probably 
have dream'd of, if our inquiſitive Gilbert had not happily found out the 
magnetiſm of the terreſtrial. globe. And few, perhaps, would have imagin'd, . 
that when a-hunted. deer has ſwiftly paſſed over a littls- graſs, he ſhould 
leave upon it ſuch determinate, tho? inviſible. efluvia, as will, for many. 
hours, ſo impregnate the air as to betray the individual flying and un- 
ſeen deer, if there were no blood-hounds, whoſe peculiar organs of ſcent 
thoſe ſteams are fit to affect. And 'tis ſtrange, there ſhould be ſuch 
effluvia for a long time reſiding in the air, that tho* our ſenſes diſcern them 
not, and tho' they have uo operation. upon other men; yet, if they meet 
with perſons of a peculiar-temper, who having formerly had the plague, 
thereby obtain a peculiar diſpoſition that fits them to be affected by peſti- 
lential ſteams, they may ſo operate upon them, that theſe perſons ſhall be 
able to diſcern thoſe ſteams to be peſtilential. Above three months before 
the great plague began in. Loudon, in the year 1665, there came a woman 
to 8 of my acquaintance, to deſire his advice for her husband, 
whoſe chief diſtemper, ſhe ſaid, was a ſwelling in his groin ; and added, 
that he was confident the plague would rage vehemently in London 
next ſummer, His reaſon. was, becauſe in the laſt great plague he fell ſick of 
that diſeaſe, and then had. a. peſtilential tumour ; and beeauſe two other leſs 
—— each of them preceded by a riſing in his body; and now 

ving a great tumour in the fore-mention'd place, he doubted. not but it 
would be follow'd by a raging peſtilence. is: I had from the Doctor 
himſelf, a perſon of great veracity. | 

Fabricius Hildanus records of himſelf, that 2 had a peſtilential tumour 
during a plague that happen d in his youth, if, for many years after he 


chanesd to go. to, or eren pals: by a houſe inſected with the plague, he 
was 
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n --4 whe. To 
Jas aumonun'd of the particuiar Uica.C 
pain in the part where his tumour had been :- 1 5 
hat curious obſerver of the phenomena of diſeaſes, at tne lad ous ſiege 
of Breda, where he practis d much among patients afflicted with malignant 
and. peſtilential diſeaſes, was, at length, himſelf infected; upon which he 
tells us, it well deſerves to be remark d, that the admonition of nature 
may prove very ſerviceable in preventing the plague. I obſerv d in myſelf,” 
ſays he, when I viſited ſuch as were infected, that I preſently felt a pain 
jn my groin, or arm-pits; ſometimes my head was ſeiz'd, and then 
« ſweat in the night, and afterwards had three or four {tools : others alſo 
* aſſured me, that the like happen'd to them.” And here the judgment of 
theſe two writers, the profeſſion they were of, and their relating things 
that often happen d to themſelves, may well gain credit to what they ſay: 
[Theſe inſtances, added to what has been already ſaid, may make it proper 
to conſider, whether there are not other, and unobſerv'd ſorts of efluvia in 
—_— about which, to declare a poſitive opinion, is not what I pre- 
tend to. 

And, as I take in the ſtruQure and eſtabliſh'd laws of the univerſe, to 
account for the coſmical attributes of things; I muſt here confeſs, that -I 
fear we have not yet attentively conſider'd either of the number, or che 
kinds of thoſe laws. 

I am inclin'd to think there may be -a greater number of the more 
general laws, than have yet been diſtinctly enumerated. When we 
ſpeak of the eſtabliſh'd laws of nature, in the more popular ſenſe of that 
-phraſe, I imagine they may be juſtly and commodiouſly diſtinguiſh'd ; ſome 
of them being general rules, that are very extenſive, and of greater affinity 
to laws, properly ſo called ; and others ſeeming to be not ſo much general 
rules, or laws, as the cuſtoms of nature, in a particular part of the 
world; of which there may be a greater number, and theſe may have a 
greater influence on many phenomena of nature, than we + uſually ima- 
gine. | 
, But as the ſtructure of the world is a great help to our preſent inquiry, 
'T ſhall venture to ſay, that tho“ I admire the induſtry of aſtronomers and 
geographers, yet they have preſented us rather a mathematical, than a phy- 
fical hypotheſis of the univerſe ; having ſhewn us the magnitudes, ſitua- 
tions, and motions of the fix d ſtars, and the planets, without being ſo- 
licitous to declare what more ſimple and compound bodies the globe we in- 
habit may conſiſt of. And-as, of late, the diſcovery of the four planets a- 
bout Jupiter, with the phenomena of comets, have made a reformation in 
the theory of the celeſtial bodies; ſo future diſcoveries may, perhaps, re- 
duce us to make changes in the grand ſyſtem of the univerſe itſelf; and 
in that which we conſider as the moſt important of the mundane bodies to 
us, the terraqueous globe. | 
What communication this may have with the other globes we call ſtars, 
and with the interſtellar parts of the heavens, we know but very little. Icon- 
tels,-I have ſometimes ſuſpected, that there may be in the terreſtrial globe 

Qq-2 | itſelf, 
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itſelf, and the ambient atmoſphere, ſeveral laws, or cuſtoms of nature; 


that belong to this orb, and may be denominated from it, which yet, ſeem to 
nave been either unknown, or overſeen, both by ſcholaſtic and mathemati- 
cal writers. | 

And, firſt, I have often ſuſpected, that there is in the maſs of the earth, 
ſome great, tho' ſlow internal change; from conſidering, that almoſt in all 
countries, Where obſervations have been made, there has aplain and con- 


 fiderable alteration appear'd in the variation, or rather, declination of the 


magnetic needle ; which is the diſtance by which the needle declines eaſt, 
or weſt, from the true north pole. Near London, the compaſs declined in 
the year 1580, above 119; in the year 1612, above 6; in the year 1633, 
about 4; and it has, of late, been found to have little or no variation, 
And, at a place within. half a league of London, trying with a long and 
curious needle, purpoſely made and pois'd, I could ſcarce diſcern any de- 
clination at all: and if the needle declined ſenſibly any way from the pole, it 
ſeem'd to do ſo alittle more towards the other fide, than that towards which 
it declined before. And having, in the year 1669, by the help of an exact 
meridian line, made an obſervation at London itſelf, with-two inſtruments, 
one. whereof. was extraordinary, and different from the other, I could not 
diſcern the declination of the needle to exceed half a degree. But ſince 
obſervations of this kind may prove more conſiderable, than we are aware 
of; and ſince they ought to be made at diſtant places; I ſhall add, that the 
Cape of Good Hope being one of the moſt eminent parts of the terreſtrial 
globe, an ancient and moſt experienced navigator of my acquaintance, al- 
ſured me, that when he was a young ſeaman, he obſerv'd the variation 
there to be about 2® weſtard ; and afterwards, during many years that he 
ſailed betwixt Eaſt- India and Europe, he found it to increaſe gradually. 
And, as he learned from ancient writings, and the traditions of old ſeamen, 
that, before his time, they had found no variation at all, he, about 15 years 
ago, Which was the laſt time he took it, found it; by accurate inſtruments, 
to be 6, and about 48/: ſo that during the time he uſed the ſeas about 
the Cape of Gced Hope, the variation, ſtill weſtward, had decreas'd near 5%. 
Hence, I cannot bur think it probable, that there may be agents we know 
not of, that have a power to give the internal parts of the terreſtrial globe 
a motion, tho“ we cannot yet certainly tell, according to what laws tis 
regulated, or ſo much, as whether it be conſtantly regulated by certain 
laws, or no. And what other alterations agents that can produce a change 
in the terreſtrial globe itſelt, may make in particular parts of it, who can 
inform us? | | 
We may, next, conſider the great uncertainty, and- irregularity hither- 
to obſerv'd in the weight of the atmoſphere, by our new ſtatical barome- 
ters; and much more ſenſibly by mercurial ones, yet without having diſ- 
cover d the cauſes of ſuch conſiderable alterations in the air; except that, 
in general, they proceed from ſubterraneal ſteams, whoſe influences upon 
other things may be more conſiderable than we have yet had opportunity 
to obſerve. | * | | "" 
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the Europeans came thither, the inhabitants obſerv'd they had thoſe 
fatal tempeſts once in ſeven years, and no oftner ; afterwards they were 
troubled with them but once in fix years; and, at length, they grew ſo 
frequent, thar, in our author's time, they return'd every year ; and, as they 
once obſery*d,.twiee in one year; and, afterwards, thrice.in another. And, 
an inquiſitive gentleman, who had liv'd in New-£ngiana, anur's me, there 
was a great change made in the temperature of the climate of that country, 
it being grown much milder than formerly; as had been obſerv'd for many 
years after the Engliſh planted a colony there: the change was mani- 
teſtly perceiv'd by the natives; and appear d, alſo, by the flow operation 
of the cold upon the waters, which were formerly frozen at particular times. 
And, having the honour to ſtand by his majeſty, when he receiv'd an ad- 
dreſs from New-Eng/and, preſented by the governour of a colony there; 
the king asking him about the temperature of the air of that country, he re- 
ply'd, in the preſence of ſeveral who came from America with him, that 
the climate had much alter'd, and loſt of its former coldneſs, for ſe- 
** veral years, ſince the Engliſh ſettled there. Whether this decreaſe 
of the ſharpneſs of the air will proceed, or how long it will continue, 
time muſt difcover. But, ſuppoſing the matter of fact to be true, 
and that the change depends not on any manifeſt cauſe; what has 
happen'd already, ſeems, to me, very conſiderable ; ſince, in a book intitled, 
New- England's Proſpect, written by Mr. Wood, one of the ancient planters of 
New-England, there is this notable paſſage. In former times, the rain 
came ſeldom, bur very violently, continuing its drops, which were great 
and many, ſometimes 24 hours together, ſometimes 48 ; which water'd 
'the ground for a long time after; but, of late, the ſeaſons are much alter'd ; 
„the rain coming oftner, but much more moderately, with leſs thunder 
* and- lightning, and ſudden guſts of wind.” And, again, ſpeaking of 
the heathen natives, he ſays, ** they acknowledge the power of the Engliſh» 
* man's God, as they call him, becauſe they could never yet have the power, 
by their conjurations, to damnity the Engliſh, either in body, or goods: 
and, beſides, they ſay, he is a good God, that ſends them ſo many good 
things; ſo much good corn, ſo many good cattel, temperate rains, fair 
* ſeaſons; which they, likewiſe, are the better for, ſince the arrival of the 
* Engliſh ; the times and ſeaſons being much alter'd in ſeven or eight years; 
free from lightning andthunder, long droughts, (ſudden and tempeſtuous 


* daſhes of rain, and lamentable cold winds.” Hence it appears, that this 


decreaſe of the coldneſs, and ſeverity of that climate; were taken notice of 
many years ago; for *tis now 35. years ſince this book was publiſh'd. 
Magnetus tells us, in his treatiſe of manna, that, in the country he 
calls Cenotria, there was no manna- to be found a little above three hundred 
years ago. And that in Calabria itſelf, which furniſhes a great part of 


Europe with that drug, *tis but two ages ſince, or thereabouts, chat 
manna has fallen. Tis ſeriouſly affirm'd to me, by ſober pertons,, N 
Elr 
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Parsics, their own experience, that the ſpots made in linen, by the juices of fruit, ãnd 
V particulatiy of red currans in ſtraining bags, will beſt-waſk out, and ſcarce 
otherwiſe, at that time of the year, when thoſe fruits are ripe the enſuing 
year. 
N The ingenious French writer of the hiſtory des Iſies Antilles, where he lived 
ſeveral years, ſpeaking of the fruit they there call Acajou, tells us, that the 
juice of ſome of the internal parts of it. tho reputed an excellent remedy 
In faintingents, 18 of ſuch a nature, that if it chance to fall upon a piece of 
linen, it turns to a red ſpot, that laſts till the tree comes to be again in 
flower; which phenomena, (if the length of time, and the heat and tempe- 
rature of the air, uſual in the ſeaſons of producing bloſſoms, and ripenin 
of fruits, be found to have little ſhare in their.cauſe) may prove of ſome u 
in our preſent inquiry. 

Whatever be the true cauſe of the ebbing and flowing of the: ſea, yet, at 
ſpring- tides, the motions of ſuch vaſt maſles of matter, as the great ocean, 
and moſt of the ſeas, are ſo conſtantly co-incident with the new and full- 
moon; and the more ſtupendous ſpring-tides have been, in moſt places, fo 
long obſerv'd to happen regularly about the equinox, that it is worth an 
enquiry whether theſe conſpicuous phenomena may not, ſomewhat confirm 
the conjectures we are diſcourſing ot. ö 

And, recollecting how many queſtions I have put to navigators, about 
the luminouſneſs of the ſea, which, in ſome places, ſhines in the night, as 
far as the eye can reach; at other times and places, only when the waves 
.daſh againſt the veſſel, or the oars ſtrike, and cleave the water; that ſome 
ſeas ſhine often, and others have not been obſerv'd to ſhine ; that, in ſome 
places, the ſea has been obſerv'd to ſhine, when particular winds have 
blown, whilſt, in other ſeas, the obſervation holds not; and that in the ſame tract 
of ſea, within. a narrow compaſs, one part of the water will be luminous, 

 avhilſt the other is dark: I ſay, recollecting many of theſe odd phenomena, 

which have been told me by very credible eye-witneſſes, I am tempted to 
ſuſpe&, that ſome coſmical law, or cuſtom of the terreſtrial globe; or, at 
leaſt, of the planetary vortex, may have a conſiderable ſhare in the production 
of ſuch effects. 

Nor am I ſure, that ſome ſubterraneal change, or ſome yet unobſerv'd 
commerce between the earth, and other mundane globes, has not an intereſt 
in the origin, continuance, and ceſſation of thole diſeaſes the phyſicians 
call new, which invade whole countries, and ſomerimes greater portions 
of _ earth, and laſt very many years, if not ſome. ages, before they become 
extinct. | 

I ſhall mention but two ſuſpicions more, about the eſtabliſh'd laws and 
cuſtoms of nature. The firſt is, that. I doubt thoſe thought the grand rules, 
whereby things corporeal are tranſa&ed ; and which __ the conſtancy of 
the preſent fabric of the world, and a regular courſe of things, are not alto- 
gether ſo uniformly comply'd with, as we preſume; at leaſt, as to the lines, 
according to which, the great mundane bodies move, and the boundaries of 
their motions. For what reaſon the wiſe author of nature pleas d to permit, 

: that 
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that ſhe ſhould be ſometimes, as it were, over-ruled by the exorbitant mo- Paysrcs. -- 
tions of bodies, I muſt not, in this place, enquire : but, when I confider CFYWI 


the nature of brute matter, and the vaſtneſs of the bodies that make up 
the world; the ſtrange variety of thoſe bodies which the earth comprizes, 
and others of them may well be preſum'd to contain; and when I, likewiſe, 


conſider the fluidity of that vaſt interſtellar part of the world, wherein theſe 


globes ſwim ; I cannot but ſuſpect, there may be leſs of accuracy, and of 
conſtant regularity, than we have been taught to believe, in the ſtructure of 
the univerſe. And, to paſs by the irregular motion of the ſun, whence, by 
the obſervation of the exacteſt aſtronomers, natural days are not all of equal 
length; this bright luminary, from time to time, not only vomits out 


great quantities of opake matter, call'd his ſpots, ſome of them bigger, per- 


haps, than Europe, or Aſia, but has had almoſt his whole face ſo darkned 
with them, that, for a year together, he ſuffer'd, as it were, an eclipſe. 


Add to this, the comets, their number, vaſtneſs, duration, odd motions, . , 


and other phenomena; and *twill appear, that even in the celeſtial. part of 
the world, all is not ſo regular and unvariable, as men have been made to - 


believe. 


I might here declare, that with regard to certain black and white clouds, . 
ſaid to move as regularly in the antarctic hemiſphere, as the neighbouring 
ſtars themſelves, I have been aſſur d, by the captain of an Eizſt-India ſhip, 
who lately ventur'd upon unfrequented parts of the ſouth-ſea, that he had 
often ſeen, in the ſouthern hemiſphere, in the complement of the circle of 


the milky-way, two or three places appearing like clouds that moved with 


the white part of the circle, regularly about the earth in 24 hours. Bur, 


by his account, I ſuſpe&, that the black clouds, ſaid to appear in this 
arter,-are no more than a kind of perforations, or parts of the azure sky 

in the milky-way ; for, the colour of them, he ſaid; was not black, but a 

deep blue. The white clouds, called, alſo, the Magellanic clouds, he ſaid, 


he had often ſeen towards the ſouth-pole, moving about it in 24 hours; 
and that he began to diſcover them in about 18 ſouth latitude ; that they 


were really white, and three in number, tho' two of them be near each 


other; the greateſt lying far from the ſouth- pole; but the other, not many 


degrees more remote than the conſpicuous ſtar, ſaid to be neareſt the ſame - 


pole; that is, about 110 diſtant from it; thoꝰ there is, alſo, ſaid to be one 
of the fifth magnitude, not 30 diſtant therefrom. But, perhaps, theſe ſuppo- 
ſed clouds, if view'd throꝰ a good teleſcope, would appear to be conſtella- 


tions of ſmall ſtars; ſingly inviſible, like-thoſe in the galaxy, the belt of 


Orion, &c. 
On the other hand, we may, perhaps, take ſuch things for exorbitan- 


ces and deviations from the ſettled courſe of nature, as, if long and atten» - 


tively obſerv'd, will be periodical. phenomena of very long intervals. But, 
becauſe men have not ſufficient skill, and curioſity to obſerve them, nor a 
life long enough to be able to take notice of a competent number of them, 
they readily conelude them to be but accidental extravagancies, that ſpring 


not from any ſettled, and durable cauſes. For, the world, like a great — | 
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mal, producing ſome effe&s but at determinate ſeaſons ; if the firſt man had 
lived but one year in the world, he would, perhaps, have thought the bloſ- 
ſoming of trees in the ſpring, and their bearing fruit in the ſummer, acci- 
dental ; and have look'd upon an eclipſe of the ſun, as a prodigy of na- 


ture; obſerving, that though at every new moon, the ſun and ſhe came very 


near together ; yet neither before, nor after, was there any ſuch terrible 
phenomenon conſequent thereupon. And we ourſelves may ealily remem- 


ber what ſtrange conjectures we had of the ſeveral various appearances of 


Saturn, for ſeveral years after our teleſcopes firſt diſcover'd them. 
But moſt remarkable is that celeſtial phenomenon, afforded us by the 


emerging, diſappearing, and re-appearing ſtars of this age, which have been 


obſerv'd in the girdle of Andromeda, and in, or about the ſwan's breaſt ; 


and, eſpecially that, which having, about 25 years ago, appear'd for a while, 
inthe whale's neck, among the fixed ones, and afterwards, by degrees, diſ- 
appear'd, was look'd upon, by the aſtronomers of that time, who did not 
out-live it, as a comet : but, afterwards, an ingenious Engliſh gentleman, of 
my acquaintance, having obſerv'd here, the return of the like phenomenon, 
in the ſame parc of the heavens, it caus'd much wonder: ſince when, the 
famous Bullialdus, and others, have taken notice of it, in the ſame place. 
Now, theſe obſervations, and eſpecially, the laſt diſappearance of a ſtar, 
judg'd to have been plac'd among the fixed ones, and eſtimated to be of the 
4th magnitude, have ſomewhat confirm'd me in the ſuſpicion I am now upon. 


For, if this, and the other new ſtars, continue to return, periodically, to the 


ſame part of the heavens, where they have been already ſeen, as, at leaſt, in 
this its gradual increaſe, after it began to ſhew itſelf, and decreaſe afterwards, 


ſeem to promiſe; then I may, with more probability than before, ſuſpect 


that there are vortices beyond the - ſurface of what we call the firmament : 
which ſuſpicion, if true, would much diſcredit the hypotheſis we now have 


about the ſyſtem of the world; and favour what I conjectur'd, as poſſible, 


about periodical phenomena. However, if either the new ſtar, without de- 
arting from its place, be only ſometimes, by degrees, overſpread, and hid 
y ſpots, like thoſe of the ſun, which are afterwards, alſo, diſſipated; 
or if it have a dark hemiſphere, as well as a light one; or rather a greater 
part of its globe obſcure, than luminous, as Bulialdus ingeniouſly conjectures, 
and by turning ſlowly about its own axis, ſometimes obverts to our eyes its 
luminous, and ſometimes its dark part; there will be reaſon to queſtion, the 
great uniformity imagin'd in the celeſtial bodies, and motions ; and to coun- 
tenance what has been propos d about periodical mutations in the mundane 
globes; eſpecially ſince theſe phenomena argue, that even thoſe ſtars we 
call fix d, and have look d upon as invariable, are ſubje& to mutations great 
enough to be taken notice of by our naked eyes, at ſo immenſe a diſtance. 
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ſo great a number of compound bodies, that it ſeems to be the moft 

univerſal of ſalts; and, conſequently deſerves the ſtricteſt examina- 
tion, in order to diſcover the nature of other bodies, and to improve ſe- 
reral parts of natural philoſophy. * 


Obe either in its rudiments, or diſguizes, is to be found in 


Having, by the uſual way of ſolution, filtration, and coagulation, redu- The experiment. 


ced common nitre into cryſtals, we put four ounces of it, thus purified, into. 
a ſtrong new crucible ; wherein we melted it into a limpid liquor, and, 
whilft it was in fuſion, caſt into it a ſmall live coal, which preſently kindled 
it, and made it boil, hiſs, and flaſh for ſome time: after this, we caſt in 
another glowing coal, which made it fulminate a-freſh ; and, after that, a 
third, and a fourth; and fo continued the operation, till the nitre would 
neither fulminate, nor be kindled any more. Then we continued to keep 
it in a ſtrong fire for above a quarter of an hour, that if any volatile part 
ſhould yet remain, it might be forced off. And now taking out the cruci- 
ble, and breaking it, whilſt it was hot, we divided the remaining fixed nitre, 
into two equal parts, and diſſolved one in as much fair water as would juſt 
ſuffice for that purpoſe ; then dropp'd on it ſpirit of ſalt-petre, till the ebul- 
lition ceas'd ; and, after filtration, expos'd it in an open vial to the air: 
and to the other portion, not diſſolved, we dropp'd, likewiſe, of the ſame 
ſpirit, till the hiſſing and ebullition wholly ceas 4 ; and then expoſed this, 
alſo, to the air, with the former. The event was, that the mixture wherein 
we employ'd fair water, ſhot, in a few hours, to the lower-parr of the ſides 
of the glats, ſome ſaline particles, which ſeem'd, by their form, to be falt- 
petre ; amongſt which, nevertheleſs, there appear'd to ſwim very little 
grains of ſome other kind of ſalt. The cryftals were, the next day, taken 


out, being by that time, grown ſomewhat larger, and more numerous; 


and, upon trial, they diſcoyer'd themſelves to be truly nitrous, both by their 
Vor. 1. 2; RE 'b- butt» 
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Pnrsics. burning and ſhape. The figure of the cryſtals of reſin d, unanalyz'd nitre, 
l pound, upon examination; to be not — but each —— to 
have ſix flat ſides, of unequal. breadth ; any two of the oppoſite ones, be- 
ing commonly parallel, The remaining liquor, being pour'd into an open 
glaſs, and left in the ſame window, continued for five or fix days without 
any conſiderable alteration ; but, at the end of that time, there began to 
appear very fine cryſtalline Siria of petre, which gradually grew more nu- 
merous for a fortnight longer. A great part of the other mixture, wherein; 
no water was employ'd, ſubſided in the form of ſalt, over which there ſwam 
a little liquor, that ſeem d to keep the ſubſiding particles from congealing 
into one coherent maſs; and part of this ſalt, being taken out, and dried 
in the air, appear d not very regularly figur d, yet reſembled the ſhape- 
of ſalt-petre ; and, caſt on a quick coal, imitated the deflagration proper 
to nitre. The remaining part of this ſalt, together with the liquor ſwim- 
ming upon it, we kept, for about a month, in the open air, without diſcern- 
ing any change, till towards the latter- end of that time, when it * 
ted into ſmall ſaline maſſes, whoſe figures were not diſcernible; and, there- 
fore, diſſolving the whole in a little fair water, and filtring it, we found, 
after evaporation, about one half of the ſalt ſhot into fine cryſtals, figured 
like thoſe of petre, tho ſomewhat different in taſte, but burning upon a 
ve coal like them: and the remaining half of this ſolution being ha- 
ſtily exhaled, let fall its falt in a figure not reducible: either to that of 

+++... falt-petre,. or of any other determinate kind. 
eweis To render this experiment the clearer, let it be obſerv'd, (1.) That a 
apes mel freſn coal is not to be thrown in, till the detonatiofi, occaſion d by the for- 
| mer, be almoſt: ended, unleſs. the matter blows that too ſoon out of the 
crucible. (2:) That the ſpirit of nitre requiſite. to be dropp'd on, amounts 
not quite to ſo great a weight as the —— loſes. in its. detonation. 
(3.) That the fixed nitre, thus made, differs but very little from vulgar 
ſalt of tartar, in lixiviate taſte, in its aptneſs to attract the moiſture of 
the air, and its. other more obvious. qualities; only, as ſalt of tartar is 
white, this was of a deep colour, betwixt blue and green, which yet, upon 
the affuſion of the ſpirit of nitre, vaniſh'd; tho ſome ſort of calcin'd nitre 

will, of itſelf, obſtinately retain that colour. 
But, for a more expeditious. way to re-produce nitre, we run its fixed 
alt per deliquium, which, after filtration, immediately ſhot, with the ſpirit 
of; nitre, into true nitrous cryſtals : but becauſe, in dry weather, this ſalt 
islong in running, we have done the ſame thing with a ſolution of fixed nitre; 
fair water, and: ſome portion of the ſpirit. And leſt it ſhould be ſuſpected, 
that theſe cryſtals proceeded. from ſome particles of nitre, yet lurking in 
the ſalt after fixation, we have produced the ſame from common pot- 

| _ aſhes, and Aqua fortis. | 

Dedutions from, Hence we ſee, that motion, figure, and diſpoſition of parts, with the 
21 le ese like primary and mechanical. 4 of matter, ſuffice to produce 
of dest and cold. thoſe more ſecondary afſections of bodies, which are called. ſenſible qua- 
„ties. And to begin with heat and cold; it is commonly ſuppoſed, =_ 
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ſalt-petre is one of the celdeſt of bodies; yet the parts of it, viz. its ſpirit and Paiyqies. 
fixed ſalt, put together, immediately agitate each other, with vehemence, N 


and produce a great heat; as if that quality were nothing but a various, 


and brisk motion of the minute particles of bodies : for the heat continued 


as long as this confuſed agitation laſted, and with that agitation it increa- 
ſed, or abated ; and at length, when the motion ceaſed, the heat, alſo, va- 


niſhed. 


Upon the mixture of the two above-mention'd e there was, alſo, Sunder, 


produced a very audible ſound, not unlike that of a live coal in water ; 
and this hiſſing was accompanied with an efferveſcence and boiling, till the 
bubbles were ready to flow over the veſſel. The found ſeem'd to proceed 
from the ſudden and ſmart percuſſions of the air, made by the ſwift and 
irregular motion of the particles of the liquors ; for it increaſed and grew 
faint in proportion to their ebullition. And ſuch a kind of noiſe, but much 


louder, was produced by cafting a live coal upon the ſalt- petre. What 


intereſt ſuch a ſmartneſs in ſtriking the air hath in the production of ſound, 
may, in ſome meaſure, appear by the motion of a bullet, and that of a wand, 
which produce no ſound, if they flowly paſs thro' it; but if the one ſmart- 
ly trike the air, and the other be ſhot out of a gun, the celerity of their 
percuſſions puts it into an undulating motion, which produces a conſide- 
rable ſound. This noiſe ended long before the heat; to produce the latter 
whereof, ſuch an inteſtine tumult of the parts of many bodies will ſuffice, 
which is yet unable to produce a ſound: as we ſee in amber, or good hard 
wax, heated by rubbing ; and in many liquors, that retain a conſiderable 
degree of heat long after the expiration of the noiſe they made in boil- 


Aug. 6 , , 
The diverſification of colours is obſervable in many inſtances, as well as co. 


in this experiment. And the like change we have, ſometimes, obſerved in 
fixed nitre, upon leaving it in the moiſt air. The copious fumes ariſing from 
the mixture, would make the unfill'd part of the glaſs of a reddiſh co- 
lour ; which is not more odd, than that thoſe of diſtilfd ſoot ſhould appear 
as white as milk. A ſublimation, likewiſe, of ſal-armoniac, and antimony, 
exhibits a ſtrange variety of colours : but, in making a nitre from pure ſalt 
of tartar, and Aqua fortis, there aroſe a deep green colour. And, nitre itſelf, 
yields, in diſtillation, blood-red fumes, which fall again into a liquor that 
manifeſts no redneſs at all. 


Upon the mixture of theſe two liquors, there is, alſo, produced a very o 


ſtrong and offenſive ſmell. But tho the ſpirit of nitre hath an ungrate- 
ful odour, of itſelf, yet it is made much more offenſive, by being pour d on 
its own fixed ſalt. The odour of the fixed nitre is very languid; but that 
which it diſcovers, when diſſolved in a little hot water, is wholly different 
from the offenſive ſcent of the other ; being of kin to that of alkalizate 
ſalts. And yet the ſalt-petre, from which ſuch difterently-ſcented bodies 
3 1 may again emerge from the coalition of them, has 
no imell at | 


Rr2 Againz 
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Enrsics. Again, the taſtes of theſe two bodies, are as different as any of their 
other qualities: the fixed nitre has as ſtrong a taſte of ſalt of tartar, as 
Taſtes. the ſpirit has of diſtill'd vinegar ; yet theſe two bodies both ſpring from, 

and unite into ſalt-petre, which betrays upon the tongue, no heat, nor cor- 
roſiveneſs. And tho' the renew'd ſalt-petre had, at firſt, a taſte more 
ſharp than ordinary nitre, yet that pungency may, probably, have proceeded 
from ſome acid particles of the ſpirit, not duly incorporated with the nitrous 


8. 

Jofanmatility. 332 this experiment makes it queſtionable, whether inflammability 
ſtrictly requires a — ingredient; and whether it may not reſult 
from ſuch a contrivance of parts, as diſpoſes them to be put in motion by 
the adventitious corpuſcles of another body, ſo as to exhibit what we 
call flame. How violent a heat is producible upon ſuch an account as 
this, may appear by a mixture of filings of iron, and ſpirit of nitre ; which 
will preſently begin to penetrate the metal, disjoin, ſhake aſunder, and 
ſcatter its parts, with great rapidity, upon which a ftrong heat enſues; 
tho the — * will calmly run camphire into an oil, without mani- 
feſting any confſict. 

Qur experiment, alſo, informs us, that ſalt-petre may be produced by 
the coalition of two bodies, which are neither of them inflammable. *Tis 
obſervable, that upon caſting nitre on a glowing coal, or upon the caſt- 
ing a glowing coal into that when melted, the nitre will immediately take 
fire, and flaſh out into bluiſh flames; but, if the ſame nitre be placed in a 
crucible, which ſhall, by degrees, be made glowing hot, the ſalt will be 

2 thereby melted, but not kindled. 

— 1 It may alſo deſerve enquiry, whence ſalt-petre, which when commit- 
ted to diſtillation, is very well dried, ſends over ſpirits into the receiver, 
that do not, as ſal- armoniac, and ſome. other bodies, diſtill'd with the like 
heat and veſſels, adhere in the form of ſublimate, but fall into a liquor 
that coagulates not in the cold. The like enquiry. may be made, concern- 
ing the fluidity of the diſtill'd ſpirits of decrepitated ſalt, cakcin'd vitriol, Cc. 

3 which ſeem to have been deſtitute of moiſture, when committed to diſtillation. 

Polatility, and” Again, the' good ſpirit of nitre waſtes itſelf in a ſenſible exhalation, yet, 

* when it is once re- united to its own fixed ſalt, it emits no ſuch ſteam, tho 
long kept, near a conſiderable fire; which ſhews how the more active parts 
may be entangled, and hindred from eſcaping by thoſe which are more 
fluggiſh. Farther, upon dropping the acid ſpirit into the alkalizate liquor, you 
may plainly diſcern the ſaline particles toſs one another to a great height, into 
the air, whence moſt of them fall back into the veſſel, like a thick ſhower of little 


* « Do not, (ſays Sir Iſaac Newton) “ with ſulphureous ones, emit light as 
4 all fix'd bodies, when heated beyond a | often as theſe parts are ſufficient y agi- 
« certain degree, emit light, and ſhine ? | © tated, whether that agitation be made 
« and, is not this emiſſion perform'd by | © by heat, or by friction, or percuſſion, 
« the vibrating motions of their parts? | © or putrefaftion or by any vital mo- 
« And, do not all bodies, which abound | © tion, or any other cauſe ? See Neceton. 
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very brisk agitation- in the particles of the ſpirit of nitre, appears from 
hence; that upon pouring Aqua fortis, whoſe active part is little elſe than 
ſpirit of nitre, upon ſalt of tartar in fair water, the acid ſpirit will ſever the 
partieles of ſalt with ſuch impetuoſity, that the bubbles produced upon their 
conflict, aſcending in ſwarms, make them appear like ſo many little riſing 


ſprings. 


And it may be uſcful to obſerve the diflerence betwixt thoſe aQtive parts of Tie aA 
a body, whiehare of differing natures, when _—_—_— with others in the tex- ene. 


ture of a concrete; and the ſame particles, when ſer at liberty: for tho' in 
the intire body of ſalt- petre, its ingredients act but very languidly, yet we 
ſee with how great an activity both the acid ſpirit, and the fixed ſalt, are ſe- 
parately endow d. And we may yet farther obſerve, that it is not barely 
an activity of the particles of ſaline liquors, which enables them to produce 
their particular effects; for, to the production of ſome of theſe there ſeems 
requiſite, beſides a moditication of their motion, a determinate figure of the 
corpuſcles, anſwerable to that of the pores of the body, to be diſſolved by 
them: thus ſpirit of nitre corrodes ſilver, but not gold; tho when its particles 
are aſſociated with thoſe of ſal- armoniac, whereby it acquires a new figure, 
and, perhaps, a different motion, it will readily diſſolve gold. And the li- 
uor of fixed nitre will, for the ſame reaſon, diſſolve ſuch ſulphureous bo- 
ies as the acid ſpirit will not touch. Nay, there may be liquors, which will 
not diſſolve ſome bodies, unleſs the motion, or activity of their particles, be 
allay d, or modified by the mixture of fair water, or fach unactive vehicles. 


ur experiment farther ſhews us, the unwarineſs of thoſe chymiſts, B. a  _S 
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drops. And that theſe particles are ſaline, is manifeſt from thoſe which fall oh Phrsics. 
the outſide of the glaſs, ſettling into little grains of ſalt. And that there is a 


who confidently aſcribe to each of the ingredients, or principles of a hdi, and 


concrete, the virtues and properties of the intire body; for, herein Te.“ 
we may obſerve, that when falt-petre is diftill'd, the volatile liquor, and 8 


fixed ſalt, into which it is reduced by the fire, are endowed with proper- 
ties exceeding different both from each other, and from thoſe of the un- 
diſſpated concrete : for, the ſpirit of nitre is a kind of mineral vinezar, and 
poſſeſſes the common qualities to be met with in acid ſpirits ; tho' the fixed 
nitre is of an alkalizate nature, and participates of the qualities generally 
belonging to lixiviate falts: And falt-perre; itſelf, is diſcriminated by dis 
ſtinct properties, both from thoſe ſalts which are eminently acid, as alum, 
vitriol, ſal gem, c. and from thoſe that are properly alkalizate, as ſalt of 
rartar, and pot-aſhes: Accordingly, we may eaſily obſerve a vaſt diſpa- 
rity in the effects and operations of theſe three bodies. For ſeveral, if not 
all of thoſe mineral ones which Aqua fortis will, by corroding, diſſolve, the 
ſolution of fixed nitre-precipitates ; and ſeveral, if not all, of thoſe ſulphu- 
reous bodies, which the ſolution of fixed mitre-diſlolves, the acid ſpirit of 
ſalt-petre will precipitate; Thus, if into à ſcarlet tincture of brazil in 
fair water, we pour a little ſpirit of nitre, the liquor will, in a moment, 
change its redneſs for a yellow; which, by pouring on it a little of the 
{lution of fixed nitre, may be again rais'd to a ſanguine colour, ſometimes 
| paler, 
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Pursics. paler, and ſometimes deeper than the firſt : whereas, a ſolution of ſalt- 
A petre, pour d into either the red, or the yellow tincture, has not been diſ- 


of nitre. 


- The, 


cern'd to produce any ſenſible effect. And as ſalt- petre is partly fixed, and 
= y ee the acid ingredients of it are wholly volatile, and the alka- 
te fixe 
We may, alſo, from our experiment take occaſion to enquire, whether 
the air doth not contribute to the artificial production of ſalt- petre; for 


the ſalt, which was leiſurely permitted to ſhoot in the liquor, expoſed to 
the open air, ſhot into more fair and large Siriz, than thoſe obtain'd from 


the remaining part of the ſame liquor, by a more haſty evaporation. And 


when bo at Aqua fortis on a ſtrong ſolution of ſalt of tartar, till no 


farther rveſcence was diſcernible, it would not ſhoot into ſo fair 


cryſtals of petre, till it had been long expoſed to the open air. But whe- 


ther the air really contributes any thing, either to the production, or fi- 
guration of ſalt-petre, in our experiment, I dare not yet determine; be- 
cauſe, firſt, the figuration ſeems not owing ſo much to the proper efficiency 
of the air, as to the conveniency of a competent vehicle for the cryſtals to 
move in, and conform themſelves to that figure which is moſt natural to 
them. For the fixed nitre, which was not diſſolved in water, before the 
affuſion of the acid ſpirit, did not ſhoot into the uſual form of cryſtals of 
petre, but remain'd a kind of nitrous powder; being neceſſitated, tor want 
of room, to make an over-haſty coalition; and, therefore, differ d from 
thoſe, into which the ſaline corpuſcles would have diſpcſed themſelves, had 
they been allow'd a competency of vehicle, and time. And, ſecondly, 1 


forgot to try, whether part of that liquor, which ſhot into cog in an 


open glaſs, expoſed to the air, would not have done the like, if it had been 


. left quiet, as long as the other was, tho? in a veſſel accurately ſtopp d. But 


whatever the air hath to do in this experiment, we have known ſuch 


changes made in ſome ſaline concretes, chiefly by help of the open air, as 


very few would be apt to imagine. 

But if, upon farther tryal, it appears, that the whole body of ſalt-petre, 
after diſtillation, may be adequately re-united into ſalt- petre, equi-ponde- 
rant to its original ſelf, this will afford us a noble inſtance to ſhew, that 
what is commonly called the form of a concrete, which gives it its being 
and denomination, and from whence all its qualities are ſuppoſed, in the 


vulgar philoſophy, to low, may be, in ſome bodies, but a modification of 
the matter they conſiſt of; whole parts, by being particularly diſpoſed, with 
relation to each other, conſtitute a determinate k; 

peculiar properties ; whereas, if the ſame parts were otherwiſe diſpoſed, 
they would conſtitute other bodies of very differing natures from that of 
the concrete, whoſe parts they formerly were; and which may again be 
produc'd after its diffipation and ſeeming deſtruction, by the re-union of 
the ſame component particles, aſſociated according to their former diſpoſi- 
tion. The renewal of an analyzed body, ce and really perform'd, 
may give great light to many particulars in philoſophy. And tho* in this 


nd of body, endowed with 


experiment of ſalt- petre, even as we have already made it, there is 2 


wy 


exact and adequate reſtoration, it is yet not far from being a real one; Parsics. 
the diſſipated parts of the concrete truly re-uniting into a body of the 
fame nature with the former, though not altogether of the ſame bulk. It 
may be requiſite to obſerve, that ſalt-petre is no very compounded body; 
and therefore others, which, confift of more numerous ingredients, cannot 
be ſafely judg'd of by what is poſſible to be performed on that: for, even 
wine, we ſee, when its ſpirit is, by diſtillation, drawn from it, will not, by 
the re- union of its conſtituent liquors, be reduced to its priſtine nature ; be- 
cauſe the workmanſhip of nature, in the diſpoſition of the parts, was too 
elaborate to be repaired by the bare appoſition of them to each other a- 
in: beſides, in the act of diſſociation, even by the gentleſt fire, ſome active 
particles will, perhaps, undiſcernibly vaniſh, whoſe preſence was requiſite 
to preſerve the concrete under its determinate form; as we ſee wine de- 
generate into vinegar, upon the avolation of ſome fubtile ſulphureous ſpi- 
rits, not to be perceiv'd by any ſenſible diminution of the liquor. And, 
certainly, there is ſo artificial a contrivance of particles requiſite to the 
conſtitution of the organical. parts of living bodies, that it will be ſcarce 
poſſible for human art to imitate thoſe productions: and, therefore, I won- 
der not that the * of the Phenix reviving out of her own aſhes, ſhould 
paſs for a fiction. And if what Kircher relates, as an eye-witneſs of the 
re- production of ſhell- fiſhes, near a lake in the Sicilian promontory Palore, 
by watering their broken bodies with ſalt-water, in the ſpring, be ſtrictly 
true; it ſeems. much more improbable, that ſuch changes ſhould. be bare 
reſtorations, than that-they ſhould be new productions, made by ſome ſemi- 
nal particles, lurking in the deſtroy'd body, and. afterwards excited by a 
gemal heat to act upon, and organize a diſpoſed matter, according to the 
exigencies of its own nature. For that, in ſome bodies, the ſeminal. particles 
may,a-while, ſurvive the ſeeming deſtruction of life, is not without example. 
And, in Kircher's ſtory it is to be obſerv'd,. that the reſtored animals were 
but ſhell-fiſh, in whofe viſcous ſubſtance, the ſpirits, and prolific parts, are, 
probably, more diffuſed and preſerved : and we-may add, that in ſuch fiſh, 
the mechanical contrivance is but very plain and ſlight, compared with | 
that of more perfect animals. . 
The laſt obſervable, we ſhall at preſent take notice of, in our experi- en, ö 1 
ment, is, that ſome chymical remedies may be too raſfily rejected by 4 * 
ſicians, becauſe corroſiye liquors have been employ d in their preparation; 
on a conjecture, that they can never be ſo exquiſitely waſh'd off, but that 
ſome of the ſalts muſt adhere to the medicine, and diſplay their nature in 
the body. Iis true, indeed, that many ignorant chymiſts, either employ 
corroſives without any neceſſity, or 1 ſufficiently to free their medi- 
cines from the corrod ing ſalts, where with they were prepared; for; fre- 


2 


* Mr. Homberg having, with t care poſed theſe principles into true, inflam- 
and accuracy, reſolved the y of com- mable ſulphur, only ſubſtituting oil of rar- 
mon ſulphur into an acid falt, a bitumi- I tar for the latter. AMemoir, de { Academ. A. 
nous ſubſtance, and an earth:mix'd with. | 1703,-p. 376. Ed. Amſt. 

a few metalline parts, M. Geoffrey, re- com- 


quent 
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uont ablutions will not always ſuffice for this purpoſe, But there may be 


ſeeeral bodies, which quite alter the nature of the acid ſalts, employed to 


prepare them; by occaſioning thoſe ſalts to degenerate into another nature, 
upon the very act of corroding ; or elſe, by | 


o aſſociating their own ſalts 
with thoſe of the diſſolbing menſtruum, that, from the coalition of both, 
there ariſes a third body differing in qualities from either. Thus in our ex- 
zeriment we find, the ſpirit of nitre, which is much more ſharp than di- 

ird vinegar, and the fixed nitre, which is cauſtic, do, by their mutual 
action, work themſelves into ſalt-petre ; which is far from having any fret- 
ting quality, and may be ſafely taken inwardly, in a much greater doſe than 


either of its ingredients. And how much corroſive ſalts will dulcify them- 


ſelves by corroding ſome bodies, may eaſily be tried, by pouring diſtilld vi- 
negar, or moderate ſpirit of vitriol, upon a competent proportion of any te- 
ſtaceous ſubſtance. were, therefore, worth while, in every preparation, 
-where corroſive liquors are employ d, to conſider the diſtin nature of the 
bodies to be wrought upon ; or to conſult experience, whether or no the 
acid menſtruum communicates to the concrete any particles capable of re- 
raining their fretting vality, after the operation is ended ; or, whether 
the ſalts do not ſpend themſelves in the act of corroding, ſo as to become 
unable to corrode "7 farther ; or, whether the menſtruum does not, in 
the body to be corroded, meet with ſome ſuch ſaline particles, as may, with 
it, conſtitute a new and inoffenſive ſubſtance ; as when ſpirit of vinegar, 
by corroding calcined lead, is turn'd with it into a ſalt, not of an acid, but 
o& a ſaccharine taſte. In the former of theſe caſes, the medicine may prove 
dangerous, unleſs it be, after the ſolution, exquiſitely dulcified ; but, in the 
two latter, the remedies may, in ſpite of the corroſiveneſs of the men- 
ſtrua, be ſafe and innocent: for it matters not how ſharp the ſever'd ingre- 
dients of a "remedy are, provided the remedy itſelf, reſulting from them, be 
not ſo. It is objected, that in ſeveral of theſe remedies, the corroſive ſalts 


are not really deſtroy d, but only diſguized ; becauſe, by diſtillation, it is 


poſſible to ſeparate the liquors uſed about them, as corroſive as ever. To 
this it may be eaſily, reply d, that it little concerns us to be ſure that out 
of the medicines we take, the fire cannot ſeparate corroſive ſalts ; provided 


we are duly ſatisfied, that no ſuch ſeparation can be made by the heat, or 
. Juices of a human body. And therefore, though it has been affirm'd, that 


Tartarum Vitriolatum would, with a ſtrong fire, part with much of the oil 
of vitriol, which concurr'd to its production; yet our beſt phyſicians ſcru- 
ple not to give it internally in ſeveral diſtempers. And, to conclude, we 
clearly ſee, that ſalt- petre is frequently, and ſafely given inwardly ; though 
the ſte which makes even Aqua fortis ſo corroſive, be the principal ingre- 
dient of it, and may, by diſtillation, be driven from it. 
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S8 Zern 
W fluidity and firmneſs be not rather ſtates, than qualities, 


we ſhall not here examine: but, as they are the moſt gene- 
ral properties of bodies, it is well worth our while to find out more 
wy ey explanations of them, than we have receiv'd from the ſchools. 
bod 
only in — parts of their ſurfaces; whence, by reaſon of the numerous 
ſpaces betwixt them, they eaſily glide along each other, till they meet with 
— reſiſting body, to whoſe internal farkice they exquiſitely accommodate 
themſelves.* 

It is probable that, in many liquors, the little ſurfaces of the component 
particles are ſpherical, ſmooth, and ſlippery ; which will greatly facilitate 
the rolling of the corpuſcles among themſelves, and, conſequently, promote the 
fluidity of the body they compoſe. Burt, there are ſeveral other figures, which 
may make the little bodies endow'd with them, voluble enough to conſti- 
tute a fluid ſubſtance. And the other qualities to be met with in ſome 
liquid ſubſtances, as water, and oil, ſeem to argue their parts to be other- 
wiſe ſhaped ; and thoſe fluids which are not liquors, as air and fire, ſeem 
compoſed of particles, not all of them round, but of very various, and, 
ſometimes of very irregular figures ; yet ſuch bodies deferve to be called 
fluid. It is not neceſſary to the fluidity of a body, that the corpuſcles it con- 
ſiſts of, ſhou'd be crowded as cloſe together as they are in water, and others, 


* Sir Iſaac Newton defines a fluid to be | are eaſily moved among one another. 
that body whoſe parts give way to any | New incip. p. 260. 

impreſs d force; which by giving way, 

8 


Vor. I. 


eems to be fluid, by conſiſting of corpuſcles touching one another 4 id, what ? 
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commonly look d upon as the only liquors. For, tho' a parcel of matter 


WY VV no bigger than a grain of corn, being rarified into ſmoke, will poſſeſs a 


The requiſites 
to flutdit , viz. 
Kane of ; 


parts» 


much greater ſpace, than it did before; and tho”, if a body be farther ra- 
rified into flame, its expanſion will be yet much greater; yet both ſmoke and 
flame, may be made to appear like liquors. Thus in blowing a mouthful of 
the former through a glaſs pipe, to fill it, and, afterwards, topping the 
other end, on any inclination, it will ſettle, by degrees, to a level ſu- 
perficies, parallel to the horizon. And, as for the latter, I have ſo prepared 
copper, with ſal-armoniac, that a few ſmall grains of it, put into the wiek 
of a burning candle, would give a very durable flame, perfectly green; 
which kept diftin& from that of the candle, as if there had been ſome invi- 
ſible partition between them. | 

The conditions of a fluid ſeem to be, chiefly, theſe. Firſt, a ſmallneſs of 
the component particles; for bulk is apt to render them too heavy, to give 
way to thoſe cauſes which make fluids move ſo freely among themſelves. 
Lead, quick-ſilver, and, even gold, though, whilſt they are of a ſenſible 
bulk, they will readily ſink to the bottom of Aqua regis, or any other ſuch 
tiquor; yet, when the menſtruum has corroded them into very minute parts, 
they grow ſo much more capable of agitation than before, as to be free! 
carried every way: nay, ponderous bodies may, by diviſion, be render'd ſo 
light as to become ingredients even of diſtill'd liquors. Butter of antimony, 
though a very limpid liquor, will, with fair water, precipitate a heavy, 
white calx, reducible to glaſs. 

But to ſhew yet more particularly, that bulky bodies are unfit to conſti- 
tute fluid ones, we may obſerve how nature, as well as art, in order to 
render them ſuch, makes a comminution of them; as in the ſtomachs 
of dogs, to reduce bones into chyle, by ſome peculiar fluid ; in imita- 
tion of which, I made a certain liquor, whereby I have, in a ſhort 
time, and without fire, diſſociated the parts of — fleſh, fruit, Oc. and 
reduced them to the conſiſtence of fluids. Nor is a great quantity of an 
appropriated liquor requiſite to the digeſtion of the aliment. Common wa- 
ter, the uſual drink of moſt animals, as particularly dogs, wolves, Cc. ap- 
pears, of itſelf, very unfit to diſſolve bones, &c. even by boiling ; and many 
ſorts. of creatures, particularly camels, may, even in hot climates, be brought 
to travel, for many days, without drinking. I am familiarly acquaint- 
ed with a gentleman, who uſually drinks but once in ſeveral days; and 
then, no exceſſive draught : and once, in particular, he continued about 
nine days, without taking in, or requiring any liquor; and might have 
continued much longer in that ſtate, had he not diſtemper'd himſelf by 
hard ſtudy ; and, even then, one ſmall draught ſerv'd him for about four 
days longer. This gentleman, too, is in the flower of his age, and of a 
florid and fanguine complexion ; he ſweats freely, eats as other men; and 


his urine in quantity, is like that of others of his age and temper. We 


ke, likewiſe, that fuſion makes metals fluid; which cannot be done whilſt 
they continue in maſles of any ſenſible bulk: and even melted metals may 


have their fluidity increas'd, by a yet farther comminution of their 2 
| An 


way | 
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| 
And as to the enquiry, whence it happens, that in the diftillation Payss. | 


of dry ſaline bodies, there will be obtain'd a perfect liquor, it may, in- 
deed, be ſaid, that in ſeveral dry bodies, ſuch as hartſhorn, wood, and 
bones, the fire does no more than ſeparate the aqueous parts from the 
others, and bring them together into the receiver ; but this doth not reach 

a the difficulty, becauſe the thing holds in bodies already calcined, ſuch as the 
calx of vitriol, fluxed ſea- ſalt, Oc. which yet afford liquors, tho their aqueous, 
and looſer parts, have been driven away by a ſtrong fire, before they were 
expoſed to diſtillation. Perhaps, then, the vehement agitation produced by 
heat, both divides ſuch bodies into minute corpuſcles, and drives them over 
into the receiver; where, loſing their former agitation, they are reduced 
into a liquor, chiefly becauſe the fire has rent the concrete into parts, which, 
by their extreme minuteneſs, by their figure, or by both together, are fitted 
to be ſo eaſily moved, that the uſual agitation of the air, propagated there- 
to, or the ſame cauſe that gives the air its agitation, is able to keep them 
fluid. 

Viewing a glaſs of the chymical oil of aniſeeds, that ſtood frozen, by 
the cold ſeaſon, in a window, I immediately melted it, poured a particu- 
lar liquor upon a part of it, placed in another glaſs, and ſuffer d the reſt 
to cool in the ſame veſſel that contain'd it before. When this was fully 
cool'd, I found it again congeal'd, as uſual ; but the other continued 
fluid, both day and might, and in ſeveral changes of weather ; and ftill re- 
mains at the bottom of the menſtruum a clear oil diſtin from ir, though I 
have often ſhaken them together. And having ſlowly evaporated good 
clear Venice ntine, till the remaining part afforded a fine colophony, I 
reduced ſome of this tranſparent gum to — powder, and put a greater 
proportion of it into pure ſpirit of wine, than the liquor was able to diſ- 
{olve, that a quantity of the colophony might remain at the bottom; where- 
by I obtain'd a ſluggiſh liquor, that continued fluid as long as the menſtru- 
um was left upon it : but, when the glutinous liquor was ſeparated from 
the menſtruum, it would gradually harden in the air. And whilſt this 
ſubſtance was fluid, I could not by ſhaking, make it truly or laſtingly unite 
with the ſpirit of wine. 

That, alſo, ſome bodies will be kept fluid, by a much leſs degree of 

” agitation than others require, ſeems probable from hence, that wine will 

cCuontinue a liquor in ſucha languid warmth of the air, as cannot keep the 

| rts of water moving, but permits them to reſt in the form of ice. And, 
in cold countries, where wine itſelf congeals, though the more aqueous 
parts will there, by loſs of motion, be turned into ice, yet the more ſubtile, 
and ſpirituous, remain unfrozen. And tho cold may very much condenſe 
even air, yet, that it hath never been frozen by any degree of cold what- 
ever, ſeems to proceed from the extreme ſmallneſs, and peculiar figure of 
its parts, giving way to the leaſt agitation. | 

An ingenious teacher of mathematics, having occaſion to make a com- 
poſition for a new fire-engine, whereof he was to ſhew his Majeſty a 
trial, mingled divers ingredients in ” 4 pot, over kindled coals; — 
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Pursics could not, or did not, do it ſo warily, but that the matter took fire, and 


* 


began to blaze furiouſly ; which obliged him to ſtifle the flame as haſtily as 
he could: and having remov'd the veſſel from the fire, and ſuffer'd it to 
grow cold, when afterwards he came to look upon it, to ſee if what re- 
main'd might be of any uſe to him,he was ſurprized to find it variouſly and 
briskly moved. Wherefore, having ſet it aſide, to be ſure that it might 
be thoroughly cold, he, after ſome hours, viſited it again, and . it 
move as before. And, having caſt ſtore of ſeeds upon it, to ſee if the li- 

uor would move them alſo, the bituminous part of it connected them into 
a kind of thick ſcum, that cover d moſt of the ſuperficies; but yet left ſome 
intervals, in which the liquor appear d, and diſcover d that it continued its 
motions. Two days after, the engineer diſcourſing of his fire-work, about 
which he had advis'd with me before, told me of this odd accident. And 
alledging that the motion continu'd ſtill, my diffidence, or curioſity, made 
me en age him to ſend for the pot as it was; partly to be ſure of the mat- 
ter of fact, and partly to try if the knowledge I had of the ingredients, 
would afford any hint as to the cauſe of ſo odd an effect; a like to which, 
in kind, tho" not in degree, I had many years before ſeen, and ſucceſsfully 
praftis'd the way of producing. 

The veſſel being come, there appear'd manifeſt ſigns of ſuch a motion 
as the engineer had aſcribed to it; and therefore I caus'd it to be ſet aſide 
in a laboratory, where ſome furnaces kept the air conſtantly warm, and did 
there, and elſewhere, at diſtant times, look heedfully upon it, now and 
then diſplacing, or quite taking off ſome of the thick ſcum, that too much co- 
ver'd the ur ace of it; and by this means, I had the rtunity to take 
notice of ſeveral phenomena, whereof theſe are the chic? 

1. I obſerved, that the motion of this liquor was not only brisk, but very 
various; ſo that having looſen'd ſome ſmall portions of the ſcum from the 
reſt, one of them would be carried towards the right-hand, for inſtance, and 
another towards the left, at the ſame time. 2. Where the liquor came out 
firft from under the ſcum, it ſeem'd to move the moſt briskly, flowing al- 
moſt like a ftream, whoſe motion upwards had been check'd, and, as it 
were, reverberated by that incumbent obſtacle. 3. Several motions in 
this liquor were the more eaſy to be obſerved, becauſe, tho it were dark, 
yet it was not uniform, conſiſting, in part, of oily, and bituminous ingredi- 
ents, which, tho they ſeemed to have but one common ſuperficies with the 
reſt of the liquor, yet, by their colours, and vigorous power of reflefting 
the light, they were eaſily diſtinguiſhable from the reſt. And I often 
obſerved, that ſome of the — 2 portions of the matter, emerging 
to the ſurface of the liquor, tho, perhaps, at firſt, one of them would not 
appear bigger than a pin's head; yet, in moving forwards, it would, at 
the ſame time, diffuſe itſelf circularly, and make, as it were, a great halo, 
adorned with the colours of the rain- bow; and ſo very vivid, as afforded 
a pleafant, and ſurprizing ſpectacle; theſe phantaſms often nimbly ſuc- 
ceeding one another, and laſting till they loſt themſelves againſt, or under 
the thick ſcum. 4. The motions of this odd liquor were not only * 

ut 
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but frequently vortical; to be ſatisfied of which, I ſometimes put ſhort bitsPaysrcs. iſ 
of ftraw, or fragments of ſome ſuch like ſtuff, upon the diſcover'd part of LY WW F 


the ſurface of the liquor, by which they were carried towards very diſtant, 
if not oppoſite parts of the veſſel at the ſame time. But to make the vor- 
tical motion more evident, I ſeveral times detached conſiderably large pie- 
ces of the thick ſcum from the reſt of the body ; and had the pleaſure to ſee 
them move, both with a progreſſive motion in crooked lines, and with a motion 
about their own middlemoſt parts. All this while the liquor, whoſe parts 
were thus briskly moved, was actually cold as to ſenſe. 5. To obſerve 
what the preſence, or abſence of the free air would do to this liquor, I 
caus d many ſpoonfuls of it, with ſome of the ſcum, to be put into a cylin- 
drical glaſs, which, tho' large itſelf, had a neck belonging to it, which was 
but about the bigneſs of one's thumb, that it might be well ftopp'd with 
a cork. But, having by this means, kept the free air from having a full, 
and immediate contact with the whole ſurface of the mixture, as it had 
when that mixture lay in the wide-mouth'd veſſel ; I could not perceive the 
liquor to move to and fro; no, not tho? the orifice of the neck were left 
open: whereas, having, at the ſame time, pour'd ſome of the liquor into a 
very ſhallow, and wide-mouth'd veſſel, it moved rather more nimbly and 
variouſly than in the great earthen pot, (which yet was of the ſame 
ſhape) and ſhewed us many vivid, and ſelf-dilating circles. 6. 'Tho' the 
motions of the liquor did not ſeem to be always equally brisk, yet they 
appear'd to continue manifeſt and various in ſome diverſities of weather, 
as to cold and heat, and when I look'd on it by candle-light, as well as by 
day-light. 7. I kept ſome ſpoonfuls of this liquor cloſe ſtopp'd in a vial, 
and 10 had the opportunity to obſerve, that when I pour ＋ out the li- 

uor into a wide-mouth'd veſſel, it would move as before, tho this were 
Gn ſome weeks after it had been put up. About the beginning of June, 
that is, about five months, or more, after the liquor was firſt obſerved to 
move, to gratify the curioſity of a foreign miniſter, and that of ſome other 
ingenious men then preſent, I caus'd the vial to be brought, and having 
unſtopp'd it, I pour d out the liquor in a conveniently ſhap'd veſſel ; in 
which, after we had ſuffer'd it to reſt a-while, they were delightfully ſur- 
prized to ſee it move (tho' not in my opinion quite ſo briskly as before) 
very manifeſtly, and variouſly. This incouraged me to think it poſſi- 
ble, that it might retain ſome motion, though but languid, ſeven or eight 
weeks after; and accordingly I then look'd upon it again ; and having 
caus'd it to be pour'd into a china cup, it manifeſted, at firſt, a brisk and 
various motion. But this, after a-while, ſo {lacken'd, that I began to have 
ſome ſuſpicion, the motion it was put into by the effuſion, and the firſt 
contact of the air, might have given it the greateſt part of its agitation 3 
but this was only ſuſpicion, 

To proceed); it is, likewiſe, poſſible, that a ſaline ſpirit may conſiſt of very mi- 
nute grains of ſalt; for, a ſal-armoniac may be made by {ſpirit of urine, and 
ſpirit of ſalt, as the common ſal- armoniac is with crude ſalt; and the urinous 
one, as ſtrictly as it here ſeems united to the other, may be readily — 
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Pars1cs. rated from it. And, as common Aqua fortis may be enabled to diſſolve gold, 
W by the addition of ſpirit of ſalt ; fo common crude ſalt, barely diſſolved in it, 


A determinate 
figure of them, 


will give it the like power of working upon gold: nay, crude nitre, diſ- 


ſolved in good ſpirit of ſalt, may make it ſerve for an Aqua regis. And, the 
moſt noted perſon in Holand, for diſtilling corroſive bodies, affirmed to 
me, that he had, by uſing brick-duſt, ſand, &c. ſometimes brought over 
almoſt the whole body of ſalt into a liquor; ſo that from a pound, he has 


eaſily obtain'd no leſs than twelve ounces of a ſpirit, after it had been well 


reCtified. And Beguinus teaching the diſtillation of another ſalt, adds, 
that if you have wrought well, you ſhall get from a pound of the matter, 
a pound of ſpirit. But becauſe from all theſe liquors, it is poſſible to ob- 
tain a portion of phlegm, or water, I leave it to farther trial, whether their 
fluidity may not, in many caſes, be advanced, by being diluted with wa- 
Ter. 

We may add, that the ſhapes, as well as the ſizes of bodies, contri- 
bute to their fluidity. For tho', in ſal-armoniac, antimony, c. which are 
by the fire ſublimed into flowers, rather than diſtill'd into liquors, the 
magnitude of the component corpuſcles may not, perhaps, be a hindrance 


to the fluidity of the body they conſtitute; yet this ſeems as probably ow- 


ing to their figure, as to their bulk. I have, by ſlowly diſtilling common 
olive oil per ſe, in a glaſs retort, found about a third part of the oil, which 
was driven over into the receiver, coagulated into a whitiſh body, almoſt 
like butter. So that altho' diſtillation can obtain liquors, even from con- 
ſiſtent bodies, in this experiment of a concrete naturally fluid, the diſtill'd 
liquor itſelf proved not to be ſo; of which no cauſe — more obvious, 
than that the newly acquired ſhape of the diſſipated parts of the oily cor- 
puſcles, makes them unfit for motion, either abſolutely, or, at leaſt, in 
reſpect of one another, by rendring them leſs pliant, or giving them a fi- 

e more eaſy to be entangled with the neighbouring corpuſcles; or elſe, 
5 making their ſurfaces leſs ſmooth and ſlippery than before. 

"Tis obſervable of bodies, which conſiſt of incoherent parts, that 
thoſe, in being poured out, moſt reſemble liquors which are the Mallet ; as 
would appear, upon the emptying of ſeveral ſacks of apples, walnuts, fil- 
berts, corn, ſand, and flower. They who make much uſe of whites of 
eggs, will eaſily reduce thoſe viſcous bodies into a thin and fluid ſubſtance, 
ke water; yet this difference of fluidity, being effected only by long beat- 
ing, ſeems to be produced but by pulling aſunder the parts, and breaking 
them into ſhorter, leſs, and, conſequently, more voluble ones. And I have 
ſeen that jelly, which is ſometimes found on the ground, and call'd 
by the vulgar a ſtar-ſhoot, reſolved by digeſtion only, into a permanent 
liquor.; which an eminent phyſician, of my acquaintance, extols as a ſpeci- 


fic, Cy applied to wens. Goldſmiths obſerve, that when any cu- 
rious work 0 


ſilver is to be caſt, it is not enough, that the ſilver be barely 


melted, but it muſt be kept, for a conſiderable time, in ftrong fuſion : for, 

if it be too ſoon poured out, the figure it makes, will be blunt; but, if 

kept a competent time in fuſion, the matter becoming thereby more * 
5 wi 
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will be thin enough to run into the ſmalleſt cavities of the mould, and ſo Physics. 
receive a figuration, even from the moſt delicate of them: whence it is pro- N 
bable, that ſome bodies already fluid, may, by a farther comminution, be 
made yet more fluid. And, the like increaſe of fluidity may be obſerved in 
ſome other bodies, eſpecially unctuous ones, as turpentine, oil, Cc. when 
heat begins to break, as well as agitate their parts. And, by long dige- 
ſtions, with a due degree of heat, there may be made in the parts of many 
bodies, both vegetable and animal, ſo great a change, from the ſtate of 
conſiſtence, to that of fluidity, as thoſe who content themſelves with ordi- 
nary courſes of > ey would not expect. 

Another requiſite to fluidity, is, that there be many vacant ſpaces be- Htg. 
twixt the component particles of the body. I need not here require abſo- 
lute vacuities ; tis ſufficient that between the ſolid parts, there be nothing 
but what will eaſily yield to them, and not reſiſt the freedom of their mo- 
tions. Jo illuftrate this, let it be obſerv'd, that ſnow, which, at its firſt 
falling, is of a looſe, and open texture, eaſily yields to the impreſſions of the 
hand; but when, by being ſtrongly compreſs'd, the little icy bodies, of 
which it conſiſts, are brought into a cloſer order, and many of them thruſt 
into the little ſpaces, before poſſeſsd only by the yielding air, they will 
not give way tothe motions of the hand, as before, but compoſe a hard. 
and reſiſting body. However, the exiſtence of vacant ſpaces, or ſome 
yielding matter about the corpuſcles of a fluid body, ſeems requilite, only as 
it obviates that impediment to their motion, which exquiſite fulneſs might 
prove. And tho' in ſuch bodies as water, wine, oil, quick-ſilver, &c. this 
condition may take place, yet it is not abſurd to queſtion, whether there 
may be no portion of matter, conſiſting of parts ſo minute, and ſo agita- 
ted, as inceſſantly to change places among themſelves, and thereby conſtitute 
a very fluid _ without any vacuities, receptacles, or yielding matter 
about them, unleſs on the external parts of thoſe, which, from time to. 
time, happen to be at the ſurface. | ; 

But the laſt, and chief condition of a fluid body is, that the particles of eit. 
which it conſiſts, be agitated variouſly, and a-part, by their own innate 
motion ; or by ſome thinner ſubſtance, which ſhall toſs them about in its 
paſlage thro*' them. For, this ſeems to be the principal difference betwixt 
ſolid ice, and fluid water, that in the one the parts being at reſt, reſiſt 
thoſe endeavours of our fingers to diſplace thera, to which, in the other, 
the parts being already in motion, eaſily give way. For, whereas in the 
ice, every part actually at reſt, muſt, by the law of nature, continue ſo, . 
till it be put out of it by an external force, able to ſurmount its reſiſtance, . 
to a change of its preſent ſtate ; in water, each corpuſcle being actually 
moved, we need not begin, or produce a new motion in it, but only dir 
that which it has already. From this agitation of the parts of fluids, thoſe - 
minute bodies, to continue their motion, glide ſometimes over, ſometimes - 
under, and ſometimes by the ſides of one another. And hence appears 
the cauſe of ſoftneſs in fluid bodies, that is, their yielding to the touch; for, 
the particles which compoſe them, being ſmall, incoherent, and — 


move 
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Physics. moved, it is eaſy to thruſt them out of thoſe places, which, being already in 
WY NS motion, they were diſpoſed to quit; eſpecially when there are vacant ſpaces 


| iments to 
illaſtrate and 
confirm the do- 


at hand, ready to admit them, as ſoon as they are diſplaced. And hence 
it likewiſe happens, that theſe little bodies muſt be very eaſily moveable 
any way upon the motion of the maſs, or liquor they compoſe ; and that 
being very ſmall, and moving ſo many ways, they are very unfit to bound 


. themſelves, but very eaſy to be bounded by any other firm body, which hin- 


ders them from ſpreading any farther ; and yet to continue their various and 
diffuſive motion as much as they can, they muſt neceſſarily move to and fro, 
till their progreſs be ſtoppꝰd by the internal ſurface of the veſſel; which, 
by terminating their motion, obliges the liquor exactly to accommodate itſelf 
to whatever figure that ſhall happen to be of. 

This general account of fluidity may be farther illuſtrated, and confirm'd 
by the following inſtances and experiments. Salt-petre may be made fluid ei- 


Sriscof ſuidity. ther with or without a liquor. And firſt, it puts on the form of a fluid body, 


by ſolution in water, which entring the pores of the ſalt, disjoins, and di- 
vides it into parts ſo ſmall, that it is eaſy for thoſe of the water, where- 
with they are aſſociated, to ſupport and move them. But fixed nitre, ex- 
poſed to the moiſt air of a cellar, will run per deliquium, into a liquor, which 
conſiſts of no more aqueous particles than are neceſſary to keep the ſaline 
ones in the agitation requiſite to fluidity. The fluidity it is capable of, 
without a liquor, may be of two kinds: for, firſt, if it be beaten into an 
impalpable powder, this, when it is poured out, will reſemble a liquor, 
though its fluidity be imperfect. But if, with a ftrong fire, this powder'd 
nitre be melted, then each of the ſaline corpuſcles, being fub-divided, and 
varioully agitated, the whole body will appear a perfect liquor: and ſuch 
is the fvidity of melted metals. And not only tire is able to make hard 
bodies fluid; for ſome may be render'd ſo by others, which to the touch ſeem 
cold, if they are but fitted to change the texture of the hard body, and 
put its parts into a convenient motion; as appears in turning camphire into 
an oil, by letting it lie upon Aqua fortis. Camphire may, alſo, by a dex- 
trous application of heat, be brought, in cloſe glaſſes, both to flow, and to 
boil almoſt like oil. It is true, ſuch liquors taken from the fire, quickly 
grow ſolid again; but the duration of a thing is not always neceſſary to 
—— it: for the leaf of a tree, whilſt it flouriſhes, may be as truly 
green, as an emerald; though the leaf will, after a while, wither and turn 
yellow, which the ſtone will not. And, in cold climates, lakes, &c. are 
frozen hard, notwithſtanding the ſame portion of matter was, a little be- 
fore, a fluid body, and will be thaw'd into a liquor again. 

It may be requiſite here to obſerve, that the fluidity, acquired by ſalt-petre 
upon fulion by fire, ſeems of kin to that which it acquires by ſolution 
in water; for both will appear to be cauſed by the pervaſion of a 
foreign body: only in diſſolution the fluid is a liquor, and conſequently 
more groſs; whereas, in fuſion, the fluid ſubſtance, that permeates it, is 
more thin, divides it into much ſmaller parts, and adds very little to its 
bulk. And it is a notable experiment to this purpoſe, which I have mars 
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with finely powder'd alabaſter, or plaiſter of Paris ; for putting it in a baſon PursIcs. \ 
over a fire, it will, when hot, aſſume the appearance of a fluid, by rolling . ν |i 


in waves, yielding to the touch, ſteaming, Cc. all which properties it again 
loſes on the departure of the heat; and being thrown upon paper, will not 
at all wet it, but immediately diſcover itſelf to be as moveleſs an incoherent 
powder, as before it was ſet over the fire: whereby it appears, that a heap 
of ſuch little bodies, as are neither ſpherical, or otherwiſe regularly ſhaped, 
nor ſmall enough to be below the diſcernment of the eye, may, withour 
either fuſion, or being poured out, be made fluid, barely by a ſufficiently 
Arong and various agitation of the particles which compoſe it; and, more- 
over, loſe its fluidity immediately upon the ceſſation thereof *. 


Hence we ſee how much it conduces to the making of a body fluid, that — 2 4 
idity, ll 


its ſmall parts be actually moved; but whence this motion proceeds, we 
ſhall not, at preſent, venture to determine : ſince not writing elements of 
philoſophy, but concerning fluidity, which is only a ſecondary, -or derivative 
quality, it is ſufficient, that we deduce it not from the unintelligible ſub- 
ſtantial forms of the bodies, but from thoſe ſimple and general properties of 
matter, the figure, ſituation, and motion of its ſmall parts f. 


There is yet one thing more, to be learnt from ſalt-perre, as to the nature ft 
of fluidity, and that is the diſtinction between a fluid body, and a wetting bee 2nd 4 - 4 
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liquor; which, becauſe they agree in many things, are uſually confounded ; "8 . 


for tho” every wetting liquor be fluid, yet every fluid body does not wet. 
The air, the æther, and even flame itſelf may, properly, be called fluid 
bodies; yet will ſcarce by any one be termed moiſt liquors : ſalt-petre, 
whilſt in fuſion, is really a liquor, and ſo is every melted metal; yet theſe 
wet not the bodies they touch, like water and other liquors which are fluids, 
with this peculiar qualification, that they ſtick to and moiſten the dry bodies 
in contact with them: ſo that the humidity of a body is but a relative thing, 
and depends chiefly upon the congruity or incongruity of the component 
particles of the liquor, with regard to the pores of thoſe bodies it touches ; 
as may be exemplified in quick-filver, which cannot be ſaid to be a humid 
body in reſpect of almoſt all other bodies, upon whoſe ſurfaces it will roll, 
without leaving any of its particles lodged in their pores ; but with regard 
to ſeveral metals, eſpecially gold and tin, it may be called moiſt, for it in- 
ſinuates itſelf into their pores, and thereby mollifies their bodies, as other 
liquors do to other dry ſubſtances. And even water, which wets almoſt all 
animal and vegetable bodies, ſeems not a humid liquor in reſpe& to the 
feathers of water-fowl. And it is obſervable, that upon the change of tex- 


* 'Tis remarkable, that M. Homberg, | fixed; but appear'd fluid again, upon be- 
having ſet ſome oil-olive to digeſt, for | ing taken out of the veſſel, Hi. de Acad. 
two months, upon quick-filver, the oil, | A. 1708. p. 80. 
in that time, became ſo thick and hard, + We muſt here obſerve, that what Sir I,. 

that the mercury underneath wanting, us | Npten demonſtrates of fluids, ſeems to make 


he ſuppoſes, that freedom of motion which N N the r of any * , 
actual motion in their parts, as is here 


perfect Tolid maſs, tho of itſelf it was not | ſuppoſed. See Newton, Princip. p. 260, 261. 
Vol. I T | | 'TUreE. | 


is neceſſary to its fluidity, became like a 
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Pursics. ture in a liquor, it may be brought to ſtick to the ſutface of a body, on 
WY VL which before it would not faſten ; for tho? quickſilver alone will not adhere 
to glaſs, yet if there be mixed with it a due proportion of lead, tin, and 
tin-glaſs, cho" neither of theſe will tick. to glaſs, yet their liquid mixture 
readily does, even without the aſſiſtance of heut. 

If it be objected, that this various agitation of the inſenfible parts of 
water, and the like bodies, whetein we make the nature of fluidity chiefly 
to conſiſt, is but an W thing, and precariouſly aſſerted, ſince the 
particles themſelves are ſo ſmall, that they, and the diverſity of their motions 
are imperceptible by ſenſe ; it may be replied, that the particles whereof 

liquors conſiſt, being too ſmall to be viſible, and being not only voluble, 
but in actual motion, the pores or vacant ſpaces between them, muſt, alſo, 
be too little to be diſcerned by the eye, and, conſequently, a fluid body muſt 
appear an uninterrupted or continued one. Tis true, a hep of grains of 
nitre, thoꝰ upon its effuſion out of the veſſel, it ſomewhat reſembles a fluid 
body, does yet, when it reſts in the veſſel, appear to be but an aggregate 
of many little incoherent bodies laid together; becauſe the intervals left 
between them, are great enough to affect the ſenſe : but if the ſame ſalt be 
reduced into an impalpable powder, the particles and intercepted ſpaces, 
being then extremely leſſened, the body they make up will much more re- 
ſemble an entire maſs, tho” view'd at a leſs diſtance ; and ſo when this pow- 
der is, by the fire, farther broken into parts incomparably ſmaller than thoſe 
of the powder, and which, conſequently, intercept extremely little pores, 
why ſhould we deny that theſe may be little enough, not any where to diſ- 
continue · the body as to ſenſe? And that the incoherenc parts of fluids are 
alſo varioully agitated, tho* our ſenſes cannot diſcern it, may be proved by 
their-ſenſible operations. For without ſuch local motion, how could the-par- 
ticles of water penetrate into the receſſes of bodies, and occaſion thoſe pu- 
trefactive alterations, uſually imputed to ſuperfluous moiſture ?: And how 
comes it elſe to paſs, that aqueous liquors fo readily mix with one another? 
And, without this, how could ſugar, or ſalt, caſt into them, be inſtantly ſo 
A diſſolved and diffuſed every way*?. This is evident particularly in 
ea-ſalt; which, when the ſuperfluous liquor is ſufficiently exhaled, begins 


- 
* 


Farther proofs 
of inteſtine o- 
tion in fluids, 


«does not this Endeavour imply, that 


This ſolution of ſults in water Sir I/ 
4 they habe à - repulſive forte, by which 


| Newton uccounts for from another principle. 


44 If, ay he, a very ſmall quantity of 
44 any ſalt, or vitriol, be diflalved in a 5 | 
4% quantity of water, the particles of the 
4 ſalt, or vitriol, will not link to the bot - 
1 tom tho they be heavier in ſpecie than 
« the Water; but will evenly diffuſe them - 
% ſelves into all the water, ſo as to make 
4 it as ſaline at. the top, as at the bottom. 
* And does not this imply, that the parts 
of the ſalt, or vitriol, recede from one 
<<. another, and endeavour. to expand them- 
* ſelves,. and get as far aſunder as the 


<:quantity ef water will allow? And 


they fly from one another, or at leaſt, 
« that they attraſt the water more ftrong- 
« 1y-than they da one another? For a: 
% all things afcend in water, which are 
„ Jeſs attracted than water, by the gravi- 
« tat ing power of the earth; ſo all the 
„ particles of ſalt which float in water, 
and are leſs attracted than water, by 
„ any one particle of ſalt, muſt recede 
from that particle, and give way to the 
% more dttraded water.. Newton, Optic. 
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viſibly ro coagulate upon the ſurface of the water. And not only ſalt, but even Puxsics. 
gold itſelf, may have its. parts ſo diffuſed by the agitation of theſe liquors; as WYNY 


may be eaſily try d, by putting a little of the ſolution of gold made in Aqua 
regis into 15 or 20 times as much fair water; which will all, thereby, be im- 
mediately ennobled with a golden colour. That the little bodies whereof 
flame conſiſts, are fiercely agitated, often appears even to the eye, and will 
ſcarcely be denied by him, who conſiders its operations. And that the par- 
ticles which compoſe - our common air, are alſa variouſly agitated, we are in- 
duced to believe, by ſeveral particulars ; as, by «thoſe little motes we ſee 
floating up and down in the ſun-beams ; by the tremulous motion, 
which that of ſwarms of little bodies in the air, ſeems to impart to diſtant 
objects, view'd after ſun-riſe through a good teleſcope ; and by the 
fuſion of ſalt of tartar in the air; which would not happen, if the moiſt 
rapours, that help to conſtitute it, did not move about therein; and were 
not thereby brought to the ſalt, and enabled to inſinuate themſelves into 
its pores, and, by that means, diſſolve, and reduce it, with themſelves, in- 
to a liquor. And, even in ſummer, when the air is drier, than at other 
ſeaſons, we may diſcover plenty of aqueous corpulcles floating in it; from 
their gathering in drops upon glaſs, and ſuch hard bodies, wherein any cold 
thing is contain'd. Whence uſeful hints may be taken, of catching a ſalt 
and liquor out of air, barely by glaſs veſſels of a peculiar and skilful con- 
trivance. And experience has taught us, that it is not difficult,” by a con- 
venient furnace, to make even lead aſcend to a very great height in the open 
air, in the form of ſmoak. And tho' quick-filver be, excepting gold, the 
heavieſt known body in the world; yet, when it is reduced into vapour, 
it ſeems to be carried to and fro, like other particles, which ſwim in our 
air: for an expert gilder complained to me, that its fumes would often 
lay hold of his gold rings, and change them white. | 

But let us return to viſible liquors, and fee whether their inſenſible parts 
may not be every way agitated, tho' their motion be ſeldom viſible. Diſ- 
ſolve any quantity of ordinary coin'd ſilver in Aqua fortis, pour the ſolution 
into twelve or fifteen times as much fair water; and then decant, or filtre 
the mixture, that it may be very clear. If you look upon this liquor, the 
parts of it will ſeem to be, all of them, as perfectly at reſt, as thoſe of 
common water: nor will your eye be able to diſtinguiſh any corpuſcles of 
filver \wimming in the liquor; yet, that there are ſuch metalline corpuſcles 
N to and fro, with and by thoſe of the water, will quickly appear, 
it you immerſe into it a flat piece of clean copper; for you ſhall ſee the 
particles of ſilver faſten themſelves in ſwarms to the copper- plate, and cover 
it With a looſe caſe of ſilver, eaſily to be ſhaken off in the form of a metal- 
line powder: and if ſeveral ſuch plates be left all night in the bottom of 
the veſſel, you may, the next day, find all the particles of ſilver, that were 
diſperſed through the whole body of the liquor, ſettled upon them; a deep 
bluiſh green tincture appearing in the water, and proceeding only from 
ſome little parts of the copper diſſolved by the menſtruum. And, to com- 


pleat. the experiment, 1 have made 2 theſe fall to the bottom of the wy 
1 t 2 | el, 
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Pnrsics. ſel, by leaving a lump or two of ſpelter there for two or three days: for 
WY NL not only thoſe metalline corpufeles, that were juſt over, or near to the de- 
terminate place, where I put the ſpelter; but all the reſt, into how remote 
parts ſoever of the liquor diffuſed, ſettled upon it; as appear'd both by 
its increaſe of bulk, and by their leaving the water clear and colourleſs ; 
which plainly. ſeems to have proceeded from hence, that the particles of 
the water were reſtleſsly, and every way agitated ; and ſo, by frequently 
gliding: along the ſurface of the ſpelter, carry'd thither the corpuſeles of 
the copper mixed with them, ſome at one time, and ſome at another, till, 

at length, all were brought to it, and detained there. 

But farther, to try this agitation in ſpirit of wine; I let falt into a wide- 
mourhed glaſs, fill'd with that liquor, a little common oil of turpentine ; 
and the drops ſwimming at the top, continued to move to and fro, in an 
irregular pleaſing manner, for above half an hour; till the ſpirituous parts 
being flown away, they reſted upon the remaining fluid, as they would up- 
on common water. I repeated the experiment, with the ſame ſucceſs, in 
another inflammable liquor; and found, not only that the oil, but ſome 
ſmall ſtraws alſo, gently let fall upon the ſurface of the ſpirit, were tumul- 
tuouſly carried about thereon. And this agitation of the minute parts, 
not only holds in light and ſpirituous liquors; but that the inſenſible parts, 
even of the heavieſt fluids, are alſo in actual motion, will follow from what 
has been deliver d of the nature of fluid bodies: and may be confirmed by 
this; that as three of the heavieſt liquors; we yet know, are quick-ſilver, 
oil of tartar per deliguium, and oil of vitriol; the firſt will, even in the 
cold, enter the pores of gold, and deſtroy its texture; the liquor, alſo, of 
ſalt of tartar, will, in the cold, draw tinctures from ſeveral bodies; and 
the agitation in oil of vitriol appears, from its corroding metals, and diſ- 
ſolving. camphire without heat. Whoever: yet doubts, whether the parts 
of. theſe two oils; as they are called, are fiercely agitated, may, probably, 
be ſoon farisfied, by ſhaking a little of them together, and obſerving the 
heat, hiſſing, ebullition, and ſparkling that will faddeniy enſue. 

But though. it be eſſential to fluids, that their parts eaſily ſhift places; 
yet this is to be underſtood, only as to the parts of the ſame fluid, as water; 
or of ſuch different ones, as are diſpoſed. to admit each other's particles, and 
unite together as water and wine: otherwiſe, they may be of ſuch diffe- 
rent natures, that, when two. or more of them are put together, they will 
not mix, but each retain its own. diſtinct ſurface; as is obvious in oil, 
which mixes not with water; and quick-ſilver- will not incorporate with 
any of the common liquors. | 

Wh diffrent As to the cauſe why theſe liquors retain diſtin ſurfaces, I ſhall here 
fee their only obſerve, in general, that it ſeems to depend very much upon the 
Jirjace dillintt. texture of them, and, perhaps too, upon the peculiar motions of their mi- 
nute parts. For though pure ſpirit of wine, and ſalt of tartar reſolved 

into a-liquor. by the air, will, when put together, retain diſtinct ſurfaces, 

or preſently regain them, tho” you ſhake the liquors ever ſo ſtrongly toge- 
ther; yet, by adding little fair water. to either of them, the texture be- 
3 ing 
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ing thereby altered, it will eaſily incorporate with the other, And thus, Py 


tho* common ſpirit of turpentine will not mix with ſpirit of wine; yet, if 
skilſully drawn, with a very gentle fire, they may, by ſhaking, be united. 


And again, tho' lixiviate ſalts and oils will not join; yet, by digeſting, for 


ſome time, a ſolution of ſalt of tartar with oil of almonds, I could reduce 


them to a ſoft ſoapy ſubſtance: 


A farther difference obſervable in contiguous fluids, is, that ſome of them nor 


only refuſe to-unite with others, but faſhion their ſurfaces to determinate 


ſhapes ; for having pour'd ſpirit of wine upon oil of tartar per deliquium, 


I found that the ſuperficies, wherein they touched, was flat, or parallel to 


the horizon : bur if this were done in a * narrow glaſs, with the mouth 


open, tho” the lower ſurface of the ſpirit of wine, which touched the other 
liquor, appear'd very level ; yet the upper ſuperficies, contiguous to'the 


air, was very manifeſtly concave. And if to theſe two liquors, in a broader 


glaſs, oil of almonds were poured, it would ſink to the bottom of the ſpi- 


rit of wine; and, floating upon the oil of tartar, ſeparate the two liquors, . 
and, both above and below, retain a flat or level ſurface. But if, inſtead of 


oil of almonds, I. dropped into pure ſpirit of wine, ſwimming upon oil of 
tartar, ſome common oil of turpentine, this oil would gather into parcels z; 


which, in caſe they ſwam in the ſpirit of wine, and touched neither of its 


ſurfaces, ſeemed globular; and continued ſo (the glaſſes being ſtopped) for 


many hours: bur if they emerged to the upper part of the ſpirit of wine, 


as much of them as lay immerſed in the ſpirit, appeared round; and con- 
tinued ſo as long as I pleaſed; the upper parts only of thoſe little globes ap- 


pearing to have the ſame ſurface with the ſpirit. I'farther obſerved, that ſome - 


mall drops would conſtantly reſt upon the ſuperficies of the oil of tartar, touch- 


ing it but in a point, and continuing to the eye ſpherical ; tho* the ſurface: : 
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of the liquor were, now and then, purpoſely ſhaken, But I more par- 


ticularly obſerv'd, that having, into pure ſpirit of wine, let fall ſome large 


drops of oil of turpentine; they, at firſt, ſunk to the bottom of it, and lay 


upon the ſurface. of the oil of tartar, almoſt like hemiſpheres, whoſe con- 


rex part was all. above the oil of tartar : but, after a while, they were 
preſs d on all ſides, and faſhioned into round bodies. I took equal quan- 


tities of common oil of vitriol, and common oil of turpentine; aud, very 


gradually putting them together, obtained an opake, and very deep- coe ur'd 
mixture, whoſe conſiſtence was much thicker than either of the liquors: - 
which compoſed it. And to ſhew, that the diſpoſition of theſe liquors, to 
unite thus ſoon together, depended much upon their texture; we warily 
diſtilled the mixture, and obtained a certain groſs ſubſtance, which feemed” 


to mediate: the former union betwixt them: for this ſubſtance being ſe- 


parated, and thereby the texture of one of the fluids, or perhaps both, 


being changed, the liquors, which came over very clear into the receiver, 
iwam upon one another: nor have I ſince been able, by ſhaking them to= 
gether, to confound them, for any conſiderable time; but they preſently 
part again, and, to this day, remain both diſtin, and tranſparent. . Now; 
drops of water, quick-ſilver, and other fluids, ſeeming to be taſhioned into 


* 
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Parsics. a round figure, by the equal preſſure of the ambient air; 1 thought pro- 
9 = to intimate, how ſome experiments might be made to account for the 


guration of the more conſiderable fluids, which make up much the greater 
part of the univerſe ; eſpecially, ſince, tis probable, that ſuch ſteams of 
the terreſtrial globe, as may well be ſuppoſed the chief ingredients of our 
. atmoſphere, may, like a liquor, retain a ſuperficies diſtin& from that of the 
{urrounding and contiguous body. | | 
Diſſolve one ounce of clean common quick-filver in two of pure Aqua 
Fortis, ſo that the ſolution may be clear and total; whilſt "tis yet warm, 
pour in, by degrees, half an ounce, or an ounce of lead filings ; and if no 
error has been committed, or unlucky accident intervened, the lead will 
- immediately be precipitated into a white powder, and the mercury reduced 
to a maſs of running quick- ſilver, over which will ſwim the remaining part 
of the Aqua Fortis. Whence we ſee, that liquors, ws reduced to very 
minute parts, may unite ; the corpuſcles of the one ſupporting thoſe of 
| 2 whilſt, the texture of the one being varied, they retain diſtinct 
ſurfaces. 

Before we quit this ſubject, it muſt be farther obſerved, that, not only 
in fluid bodies, but in ſome alſo of thoſe which are conſiſtent, there may, 
perhaps, be more motion, than our ſenſes diſcern. A cluſter of {warming 
| Pee, when at a diſtance, ſeems to be one intire body; yet each parti- 
cular bee has its diſtin& and peculiar motions : but theſe motions of them 
all deſtroy not the coherence of the cluſter ; becauſe, when one of the 
innermoſt bees removes, as ſhe lets go her hold from thoſe wheron ſhe 
..reſted before, and quits thoſe which reſted upon her, ſo ſhe meets with 
others, on Which to faſten ; and comes under others, which, in like man- 
ner, ſet their feet on her: ſo that, by this change of mutual ſupports, 
their coherence, and removes, are made conſiſtent: and if, inſtead of bees, 
the ſwarm conſiſted of extremely minute flies, their particular motions 
would, perhaps, be inconſpicuous. And that ſome ſuch thing may happen 
in conſiſtent bodies, ſeems probable; becauſe, in wainſcot, and other hard 
wood, we often ſee little heaps of duſt, produced by putrefaction: and 
not only in cheeſe, but in apples, and other fruits, we often.find maggots, 
tho the rind be whole; which could not happen, unleſs the parts of the 
matter were variouſly tranſpoſed, and connected after a manner ſuitable 
to the nature of the inſect to be produced. And, by the growth of bones 
in the bodies of perfecter animals, as alſo by the growth of the ſhells of 
oyſters, and ſnails, from a ſize inconſiderable at firſt, in regard of what they 
afterwards attains to; and by ſome other reſembling particulars, it ſeems 
that the ſmall particles, which conſtitute even the ſolid parts of animals, 
are not, whilſt the creature lives, exempt from ſome local motion. Ir hath 
been affirmed to me, by a very diligent obſerver, that he ſaw ſeveral pieces 
of gum ſweat out of an old wainſcot, that had ſtood above twenty years: 
; I have, ſeveral times, ſeen viſcous exſudations, like drops of turpen- 
tine, upon deal-boards, which had been uſed in buildings. 
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| 
We might now diſcourſe of the advance, or hinderance, in refpe& Paysrcs, | 
of fluidity, that one body may receive, by being mixed with another; bu: 
we ſhall, at preſent, only obſerve, that it is not ſo ſafe, to foretel the con- 4 1 
ſiſtence of a mixture of two or more bodies, from the bare conſideration Ae, . tos | 
of the conſiſtence of thoſe whereof it is to be compounded, And to ex-#*in > | 
amine what many chymiſts, without limitation, teach, as to the addition 
of ſalts, to metalline and mineral bodies, to facilitate their fuſion, I diſ- 
ſolved crude copper in ſpirit of nitre; and, by evaporation, reduced the . 
ſolution to a vitriol. We alſo corroded, with two parts of ſpirit of nitre, | 
one of good tin, and ſuffered the mixture to reduce itſelf to a ſubſtance, . 
almoſt ike meal; of this mixture, we put a parcel into a crucible, and 
made it red-hot : we alſo expoſed ſome of it to a ſtrong naked fire, with- 
out finding it fuſe at all; thoꝰ falt-perre be a fuſible ſalt, and tin very eaſy 
to melt. And tho* copper be of much harder fuſion, not only than tin, 
but even than ſilver; yet, being joined, per minima; with the ſame kind of 
nitrous corpuſcles, that had ſuch a contrary effect upon tin, ſo ſtrangel 
diſpoſed it to fuſion, that the vitriol would melt with the heat of one's hand. 
Nay, we have made ſuch a vitriol, either with ſpirit of wine, or Aqua fortis, . 
as would, even in winter, ſtand melted for ſeveral hours together, by the 
heat of the ſun ſhining on it thro” a window. So fit it is, that we con- 
ſider, as well the new texture, which mixed bodies obtain by the aſſocia- 
tion of their particles, as the conſiſtence of the particular bodies, before 


they are mixed. 
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T HE chymiſts aſeribe the firmneſs of bodies to ſalt; and tell us that is n E 
the principle of coagulation, and the cauſe of ſolidity. But tho' this "i 
opinion be ſo generally receiv'd, that it may ſeem ſuperfluous to enquire | 
after other cauſes of theſe qualities; yet we ſtall” venture to conſider the © 
matter” And, having already taken a general view of fluidity, let us try 
what light it will afford us, to diſcover the nature of firmneſs. Now, ſince 
fluidity, and ſtability, are contrary qualities, they muſt be apprehended 
under contrary notions ; we may; therefore, conceive, that the firmneſs, or 
ſtability of a body, conſiſts principally in this; that the particles which 
compoſe it, being ſomewhat groſs, are alſo at reſt, and have a mutual co- 
heſion, whereby they are rendered unapt to diffuſe themſelves every way: 
ſo that its three principal cauſes appear to be groſſneſs, quiet contact, and 
an implication of the component parts. | 

As to the firſt, larger corpuſcles being, cæteris paribus, harder to be put The requiſite #2 
into motion than leſs, when they are once at reſt ; it is obvious, that a body, — Fart 
conſiſting of ſuch particles, is lefs diſpoſed to become fluid, and conſequent- 
ly more apt to continue firm, than if its component parts were ſmaller, 
and thereby more eaſy to be diſplaced. By groſs corpuſcles, I underſtand © 
ſuch as are ſcarce diviſible into leſs, by the agitation of the ambient air, 
or any other cauſes of fluidity. And in ſpeaking of the fitneſs of groſſer 
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Phrsics. Corpuſcles to make. a firm body, I add cateris paribus, becauſe 'tis poſſible, 
that the breaking of the ſmall parts of a body into minute particles, may 
the more fit them to. contribute to the firmneſs of the body where- 

to they belong. For the, parts of the divided corpuſcles may, by their 
comminution, acquire a new, and perhaps a more irregular ſhape than be- 

fore 3 upon which accaunt, they might be more diſpoſed to be entangled 

among the neighbouring particles, or be better fitted to get into, and fill 

the pores of ſome kind of bodies. And, in ſuch little particles, not only 

the minuteneſs may make them lie cloſer together, and conſequently the 

better exclude the air; but the greatneſs of the ſurface, in proportion to 

the bulk of the matter, may perhaps, in ſome caſes, occaſion a fuller con- 

tact, and ſo facilitate the conſtitution of a very firm body, in caſe theſe minute 

parts ſhall be diſpoſed to the beſt advantage for a full contact with one 
another. But, from what was delivered of the ſize of parts, in treating of 

fluidity, it may eaſily be underſtood, how much the magnitude of them 

vill conduce to firmneſs. We now paſs on to the two other requiſites of 
Cconſiſtent bodies, the one whereof is the bare reſt of the parts which com- 

poſe the firm body; and the other, the intricate texture of ſuch parts. 

And either of theſe ſeems, alone, ſufficient to render a body ſtable ; tho' 

nature, perhaps, often makes uſe of both, to faſten the parts of the ſame 

| more firmly together. a 

aua. If two bodies be once at reſt in contact, they muſt continue in that ſtate, 
= till ſome force, able to over-power their reſiſtance, diſturbs them. And, 
whatever is ſaid of the conſtant moblility of atoms, yet, that ſeveral parts 
of matter may compoſe bodies, which need only juxta-poſition to unite 
them, whereby the air, or other fluids that might diſſociate them, are ex- 
4 .cluded, I am mclined to think, by what I have obſerved in grinding of 
glaſſes : for here ſometimes the convex ſurface of one body being ground upon 
dhe concave. ſurface of another, the two ſurfaces will be ſo cloſely fitted to 
one another, that a man is not able, without breaking one, or both, to pull 
them directly aſunder; but if you will ſever them, you muſt be obliged to 
make one lip along the ſurface of the other: which makes the glaſs-grinders 
often complain 1 the trouble they meet with in ſeparating ſuch bodies. 
"Nay, if you lay two flat glaſſes, ground very true, and well poliſhed, upon 
one another, ſo that their ſurſaces may almoſt every where touch, you may, 
by lifting up the upper, raiſe the lower with it, as if the two plates of glaſs 
made but one body. And I have often taken up four or five pieces of glaſs 
at once, thus laid and preſs'd one upon another ; and might, perhaps, have 
taken up a greater number. Experience alſo aſſures us, that if a looking-glats 
be held very level, with the unfoliated fide downwards, and you rub a piece 
of other very flat ſmooth glaſs a little againſt it; you may eaſily, by that 
way only, faſten them to one another, ſo that the lower, tho' large, will be 
ſtrangely ſuſpended between the uppermoſt and the ground. And, by the 
ſame way,we have made one conſiderably thick piece of marble rake up ano- 
ther, having firſt cauſed: their flat ſurfaces to be carefully ground. Nor is it 
requiſite, that the glaſſes be flat, to make them adhere very cloſely together, 
pro- 


Huidity and EFirmneſs. _ Jar if 
provided their immediate contact be made in a large ſurface : for, having, Pursics. 
purpolely, applied a long glaſs-ſtopple, of an almoſt conical figure, and wel i 
ground, to the mouth of a thick quart- bottle, whoſe neck was long, of a 1 
figure convenient to receive the ſtopple, and ground within fit for it; we 
found, that theſe two glaſs- bodies, touching one another in a multitude of 
parts, adhered together ſo cloſely, that, when the ſtopple was carefully put 
in, we could eaſily lift up the bottle by it, with above a pound of liquor in 1 
it“. Yer here we muſt obſerve, that the ſticking together of ſuch bodies as The 2. * 
are of a ſenſible bulk, and whoſe ſmooth ſurtaces immediately touch one — — 2 — 11 
another, may, poſſibly, not proceed ſo much from their parts being at reſt hi is , 
among themſelves; and, by their immediate contact, making up, as it | 
were, one body ; as from the preſſure of the atmoſphere, proceeding 
from the weight of the ambient air, and from a kind of ſpring, by virtue 
of which, the air continually preſſes upon the bodies contiguous to it; 
though, thro' negligence, and, perhaps, ſome other cauſes, we neither feel 
it in our own. bodies, nor take notice of it in others. Now this preſſure 
of the air every way, being ſuppoſed, I think the mutual adheſion of the 
ſmooth bodies we ſpeak of, may, probably, be aſcribed ro this ; that when 
the ſmooth ſurfaces of two pieces of glaſs, ſo exquiſitely touch one another, 
that none of the ambient air,is either intercepted, or admitted between them, 9 
the under glaſs will ſuffer no preſſure on that ſide, which touches the 1 
upper, the parts of the upper glaſs having no ſenſible ſpring in them; whilſt "FR 
that ſide of the under one, which is expoſed to the air, will be preſſed upon 
thereby: and there being, as we ſaid, no elaſtical preſſure on the other 
ſide of the glaſs to ballance this, no wonder that the lower glaſs ſhould 
not fall off from the other, ſince the weight that would carry it down- 
wards, is much too ſmall to overcome that force of the air, which thruſts 
it againſt the upper glaſs. Thus if a man ſhould, with his hand, thruſt a 
plate of iron, broad-wiſe, againſt the flat ceiling of a chamber ; the iron 
would not fall, as long as the force cf the hand continues to preſs againſt 
it, Nor is it material, that, in our caſe, the preſſure of the atmoſphere 1 


is ſuppoſed to force the lower glaſs upwards: for if we ſuppoſe the air to con- 1 
ſiſt of innumerable little ſprings, bearing upon, and ſupporting one another, | 
the lower whereof are bent by the weight of all the reſt, incumbent on 1 


them; it will be eaſy to conceive, that, near the ſurface of the earth, it may | 
preſs almoſt equally every way; and by a kind of recoil, from the terreſtrial | 
globe upwards, ſtrongly force any body, upon which it can bear, againſt | 
any other, which has no ſuch elaſtic power to repel a body ſo preſſed | 
againſt it. | 
| 


r 
— , —— og — 


We ſhall now proceed to confirm our conjecture as to the reaſon why ſmooth 
bodies ſtick together, barely by juxta-poſition, or eontact. And, firſt, tho a 
piece of flat glaſs may be ſuſpended by alooking-glaſs, held parallel to the hori- 


* This ſtrong coheſion of the parts of | but reaches not far from the particles 
matter, is by Sir Iſaac Newton attributed | with any ſenſible eſtect. See N-wton, Optic. 
to a principle of attraction, which, | p. 351—372. 
in immediate contact, is exceeding ſtrong, 
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Physics. zon ; yet, if, by inclining the looking-glaſs, it loſeth that level, the ſmaller 
YN glais will flide downwards upon the ſurface of the greater. The reaſon 
whereof ſeems to be, that the gravity of the lower glaſs does not conſi- 

derably reſiſt the horizontal motion of it, only the motion upwards ; but 

chiefly, becauſe the ambient air is contiguous to the edges of the glaſs, 

as well on the one ſide, as on the other: and ſo the preſſure of the air be- 

ing equal on every part of the edges, the gravity of the ſmaller glaſs is not 

hindered, by the air, from ſliding down the ſhelving ſurface of the greater: 

whereas, of the broad and flat fides of the lower glaſs, the one 1s, as we 

ſaid, preſſed by the ſpring of the air; whilſt the other ſuffers no ſuch preſ- 

ſure from the looking-glaſs, to which it was applied. And fo, if you take 

a ſmall open-mouthed glaſs, and plunge it into a veſſel full of quick-ſilver, 

with the mouth upward, that the quick-ſilver may fill it, without leaving 

any air in it; and if then, whilſt it is under the quick-ſilver, you turn 

the mouth downwards, and ſo, keeping it upright, lift it up, till the 

mouth be almoſt come to the top of the mercury ; che glaſs will remain 

almoſt full of quick-ſilver, tho* the upper ſurface of the liquid metal in the 

glaſs be much higher, than the level of the ſurface of the quick-filver in the 

veſſel: and this will continue fo, tho* you incline theglaſs, provided you keep 

the mouth of it within the mercury. The experiment will alſo ſucceed, 

when made with water. The reaſon hereof ſeems to be, that the glaſs 

hinders the quick-filver in it from the preſſure of the incumbent air; 

whereas, the quick- ſilver in the veſſel being expoſed to it, muſt, thereby, 

be neceſſarily forced up againſt the ſurface of the inverted bottom of the 

| glaſs, where it meets no elaſtic power to drive it downwards: for that it 
is not nature's abhorrence of a vacuum, which keeps the quick-filver from 
deſcending, till ſome air can come to ſucceed in its room, ſeems clear from 
the Torricellian experiment. And to ſhew, that it is not ſo much the mere 
contact of bodies in a large ſurface, as its being ordinarily requiſite to the 
excluſion of air, which, at leaſt here below, keeps bodies from talling aſun- 
der; having, out of a large glaſs, cauſed a certain quantity of air to be ex- 
tracted, we found, that, by immediately applying a book to the narrow ori- 
fice of the veſſel, the book was afterwards readily lifted up, and ſuſtained in 
the air, as long as we pleaſed ; though the ſurfaceof the ſuſpended body could 
| be touched but by the ring, which incircled the orifice of the veſſel; and tho 
| the weight taken up exceeded twenty ounces. The cauſe whereof ſeems 
| plainly this; that, by the exſuction of ſome air out of the glaſs, the elaſtic 

| power of the remaining part was much weaken'd, in compariſon of the 
| ſpring of the external air; which being able to preſs the book againſt the 
orifice of the veſſel with greater force, than the internal air could reſiſt, 
the mouth and lips of the veſſel, on this occaſion, perform'd the part of 
an intire ſurface, exactly ſmooth. And, by the way, upon this principle 
may, poſlibly, depend the ſolidity of glaſs : for though its parts ſeem not 
at all interwoven, and appear very ſmooth and flippery ; yet, ſince the fire, 
which brought them to fuſion, may well be ſuppoſed to have ſub-divided 


them into very ſmall particles, and to have thereby aſſiſted to exclude the 
| air 
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air from between them, tis no wonder, if the immediate contact of ſuch Pursics. 
ſmall corpuſcles ſuffices to make them hold together; for that their union is | 


ſtrict enough to keep out the air, appears, ſince the glaſs-blowers, and 
thoſe who diſtil in glaſſes, find not that it can enter their pores. Twere 
alſo proper to coniider, how much the juxta-poſition of corpuſcles, 
crowded together by fuſion, may contribute to the conſiſtence and brittle- 
neſs of ſalt-petre, and other bodies, which, from an incoherent powder, 
are readily reducible into one maſs: as, likewiſe, how far the ſticking to- 
gether of the ſmall parts of pendulous drops of water, and ſuch other 
liquors as are not thought to conſiſt of corpuſcles hooked, or branched, 
may be aſcribed to the contact of their ſmall parts, and the excluſion of 
the air. But to return: tho' it be hence manifeſt, that the air hath a 
ſtrong ſpring ; yet, there appears no great neceſſity for it ro ſhew why 
the two ſmooth glaſſes were able to adhere ſo cloſely. For a probable rea- 
ſon of that phenomenon may be aſſign'd from the preſſure of the air, con- 
ſidered as a weight. And, firſt, we muſt remember that a cylinder of 
air, which is not without its gravity, recoiling from the earth, to the 
ſuſpended piece of glaſs, being hindred by the reſiſting ſurface of the ter- 
reſtrial globe from falling lower, muſt diffuſe itſelf, and, conſequently, preſs 
as well upwards, as any other way. Next, we muſt conſider, that when 
the ſurfaces of two flat bodies, of any conſiderable breadth, immediately 
touch each other, and lie, both of them, level with the horizon ; fince the 
air cannot move, in an inſtant, from the edges to the middle, the lower 
cannot be drawn away downwards, in a perpendicular line from the upper; 
but, by reaſon of the ſtiffneſs, and contact of the two bodies, it mult ne- 
ceſſarily happen, that, at the inſtant of their ſeparation, ſhould it be et- 
ſected, the loweſt glaſs will be preſſed upon by the whole pillar of air, 
ſuppoſed to reach from the top of the atmoſphere, and to have for its baſis, 
the ſuperficies of the under glaſs. - For, at that inſtant, the air having not 
time to get in between the two glaſſes, there is nothing between them, 
during that inſtant, to reſiſt the preſſure of that air, which bears againſt 
the lower ſuperficies of the undermoſt; and, conſequently, ſuch a re- 
vulſion of the lower glaſs cannot be effected, but by a weight, or force, 
able to ſurmount the power of the weight of the above-mentioned cylinder 
of the atmoſphere. Hence, we ſee it is not neceſſary, that the contiguous 
ſurfaces of the two flat glaſſes be parallel to the horizon; for, if held per- 
pendicular to it, their divulſion would not ceaſe to be difficult, provided 
it were attempted by ſudderily pulling one of the broad ſurfaces from the 


other, in a level line, and not by making one of the ſurfaces ſlide upon the 


other: for, in the former caſe, the ſeparation of the contiguous bodies 
will be hindred, by the weight, or preſſure of the lateral air, which bears 
againſt the broad ſides of the glaſſes contiguous to it. But as in theſe caſes, 
we ſuppoſe the ſuperficies of the two glaſſes to be ſo exactly flat, that no 
air can come between them; experience has inform'd us, that it is ex- 
tremely difficult to procure, from-our ordinary tradeſmen, either glaſſes, or 
marbles ground near ſo true, We very hardly obtain'd a pair of round 


Uu 2 marbles, 
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Pnrsics. marbles, of an inch or two in diameter, which would, for two or three mi- 
W YV nutes, hold up one another in the air by contact; tho' they would eaſily 
raiſe each other, if the uppermoſt was drawn up nimbly, before the air 

had time to inſinuate itſelf. betwixt them. 

But to make ſome eſtimate of this power in the air; having provided a 
pair of marbles, an inch and half in diameter, and as flat and ſmooth as 
poſſible; and conſidering, that as it was the inſinuation of the air between 
them, which hindered them from ſticking ſtrongly together; ſo the acceſs 
afforded to it, was, for the moſt part, owing to that inequality of their ſur- 
faces, thoꝰ poliſhed ; we ſuppoſed that the intruſion of the air might, for 
ſome time, be prevented, by wetting the ſurfaces to be joined, with pure 
ſpirit of wine; whilſt this liquor, which ſeems the freeſt from te- 
nacity, would not prove a cement to faſten the ſtones together, otherwiſe, 
than by keeping out the air. But becauſe the eaſy 3 of ſuch 
ſmooth bodies, which adhere but by contact, may proceed from the 
leaſt angular inelination; we try'd, in the firſt place, to faſten to the 
upper marble certain wires, and a button, ſo that the lower, when joined, 
might freely fall directly down, but not ſlip aſide, being hindered by the 
wire. And thus the dry marbles were made to take up, and ſuſtain one an- 
other; ſo that once, by ſuddenly drawing up the upper marble, we took 
up, together with the lower marble, a ſcale with a pound weight in it. 
After this, we moiſtened the ſurfaces of the marbles with pure ſpirit of 

| wine ; and keeping them, by our wires, from ſlipping aſide, we caſt into 

| a ſcale, faſtened to the lower of them, ſeveral weights, at ſeveral times ; 

| | and, by ſuddenly pulling up the higher ſtone, often try'd how much we 

could draw up with the lower ; and ſometimes took up above an hundred 

ounces, and once one hundred thirty-two ounces troy, beſides the ſcale 

that contained them, and the marble itſelf ; the diameter of whoſe ſurtace was 

only an inch and two thirds. But, becauſe the ſpirit of wine proved too 

fugitive and ſubtile for our purpoſe, we moiſten'd the ſurfaces with a due 

proportion of oil of ſweet almonds ;. and thus we took. up above four 

| hundred ounces troy, hanging at the lower marble. It was not by glewing 

| the marbles together, that the oil enabled them ro make ſo much greater 

reſiſtance, than the ſpirit of wine; for in caſe the flat ſurfaces of the joined 

| ſtones were held perpendicular to the horizon, ſo that the air might im- 

|  mediately ſucceed, as the looſer marble ſhould ſlide off, the weight of ſe- 

veral ounces was, ſometimes, requiſite to draw. them down, when they 

had nothing but ſpirit of wine between them; tho” they would eaſily ſlide 

off from one another, when join d together with oil; perhaps, becauſe the 

ſpirit of wine, by reaſon of the ſmallneſs and penetrancy of its parts, and 

fugitive nature, did not ſo well fill up the little pores of the ſurfaces ; 

whereby the ſmall protuberances of the one, getting into the ſmall cavities 

of the other, might mere reſiſt the ſliding. of the marbles upon one an- 

other's ſurfaces,. than the oil, whoſe texture is better fitted to render their 
ſurfaces ſmooth and ſlippery. 


And. 
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And to ſhew, that the reſiſtance of ſuch contiguous marbles, to ſepara- Physics. 
tion, is greater in thoſe which, being broader, are preſſed againſt by aa. 


column of the atmoſphere proportionably larger; we cauſed two marbles 


to be made, three inches in diameter: and having, after the manner above- 


mention'd, employ*d ſpirit of wine, to keep out the air from between 
them, we, after ſome tryals, with the uppermoſt of them took up the 
lower, and four hundred and ſeventy ounces. But making uſe of 
oil of almonds, inſtead of fpirit of wine, we did, with our own hands, 
twice ſucceſſively raiſe, with the undermoſt ſtone, thirreen hundred and 
forty-four ounces troy ; and, at the ſame time, manifeſtly perceived the 
marble, at which it hung, to ſtick firmly to the other: yet the interpoſed 
oil was ſo far from being able, as a cement, to make theſe marbles adhere 


thus cloſe together, that, in this laſt experiment, I made them very freely ſlide 


upon one another, by impelling the upper to the right hand, or lefr, with 
my finger; and, having ſome time before, raiſed a weight not much in- 
feriour to the laſt, we, preſently, held the marbles with their edges down- 
wards, and found, that, tho* in an horizontal poſition, they could not be 
ſeparated by ſo great an additional weight, they now preſently fell aſunder 
by their own. 

I know that the Peripatetics, and generality of ſchool-philoſophers, 
will aſcribe this adheſion of marbles to nature's abhorrence, and dread of 
a vacuum, But if nature did fo violently oppoſe a vacuum, it is not like- 
ly, that any force we could employ, would be able to produce one ; yet, in 


our caſe, we find, that a little more weight added to the lower of the two - 


marbles, will ſurmount their reluctance to ſeparation, notwithſtanding the ſup- 
poſed danger of introducing a vacuum thereby. But, without having recourſe 
to any ſuch diſputable principle, a fair account may be given of the phe- 
nomenon, by the preſſure, or weight of the air. Let us ſuppoſe, that 
when the marbles ſtick firmly together, the lower of them were 1 


ſeparation, ſhould be leſs than before, yet, it ſeems evident, that the up- 
permoſt marble could not be perpendicularly lifted up, but by a force, 
that was, at leaſt, able to raiſe a weight equal to that of this marble ; and 
of a pillar of air, having the ſtone for its baſe, and reaching to the top of 
the atmoſphere : fince, at the inſtant of revulſion, before the air can get in 
between, there is, for ought appears, no body under the upper marble, to 
help the hand to ſuſtain the weight of that, and the incumbent cylinder 
of the acn.oſphere, which then gravitates upon it, and, conſequently, upon 
the hand; becauſe there is no air, or other equivalent body underneath, 
to ſuſtaiv ics part of the weight, as the lower air does, with regard to 
the heavy bodies, which reſt on it, and to the weight of the incumbent air. 
We need not therefore wonder, if when only a leſs weight than thar of the 
mentioned column of the atmoſphere hangs at the lower marble, it ſhould 
be capable. of being drawn up by the upper, rather than ſuffer a divulſion 
from ir. 'Thus when two bodies, being faſtened together, are endeavoured 


to be drawn aſunder by forces not able to ſeparate them, they will uſu- 
ally 


ſtened to 
the graue; tho' here there appears no reaſon, why their power to reſiſt 
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PursIcs. ally both move that way, towards which either of them is the moſt ſtrongly 


LYN drawn. And I have ſometimes obſerved, in trying the ſtrength of load- 


ſtones, if the load-ſtone be able to take up more than its own weight, you 
may as well lift up the load-ſtone by a knife, as a knife by the load-ſtone. 
And tho' one accuſtom'd to judge only by his eyes, would have imagin'd, 
that when I held the great weights, formerly mention'd, ſuſpended in the 
air, there was no ſtrong endeavour to pull the upper marble from the 
lower, becauſe my hand, being for a time held ſteady, ſeemed to be at reſt; 
yet he will eaſily find a great miſtake therein, who ſhall conſider, that nei- 
ther did the weight ſenſibly appear to pull the lower marble downwards, 
tho' my hand aſſured me, that the weight had not loſt its gravitation. And 


once, When the weight was caſually ſo looſened from the upper marble, as 


ſuddenly to drop down, my hand, unawares, was, by the endeavour it em- 
ploy'd to ſuſtain the fallen weight, carried up with ſuch a violence, that I 
bruiſed ir againſt the face of a by-ſtander, who chanced to hold his head 
-over the marbles, 

A. braſs-valve, an inch in diameter, being cemented to the ſhorter leg 
of a long glaſs ſiphon, left open at the end of the other; this valve was let 
down to the bottom of a long glaſs body, full of water, till it was between 
a foot and half a yard beneath the ſurface of the water; when the water in 
the pipe, reach'd as high as that ſurface, 'Then, an ounce-weight was 
put into the ſcale of a balance, oppoſite to that whereto one end of a ſtring 
was faſtned ; its other being connected with the valve, whoſe parts were 


+ thereby to be drawn aſunder. Now when the water was emptied out of 


the pipe, and the valve let down to the former depth, four ounces of addi- 
tional weight were requiſite to disjoin the parts of the valve, and let the 
water get between. And when the valve, the ſiphon being freed from 
water, was raiſed gradually - higher together with the pipe, leſs and leſs 
weight was required to make the ſeparation ; an additional half ounce 
proving ſufficient to disjoin the parts of the valve, when held but a little 
below the ſurface of the water. From this experiment, attentively conſi- 
der'd, it appears, that there certainly may be a you repugnancy, barely 
on account of the gravity of the medium, to the ſeparation of ſmooth bo- 
dies, join'd by immediate contact. But farther, having at length ſuſpended 
two coherent marbles, in a large glaſs, whence, by a certain contrivance, 
the air __ be gradually exhauſted 3 we found, whilſt any conſiderable 
quantity of air remain'd in the glaſs, the lower marble continued to ſtick 
to the other; but if the air was farther withdrawn, the lower fell from 
the upper: when, if the latter were let down upon the former, whilſt the 
glaſs remain'd exhauſted, the upper marble might eaſily be raiſed without 
taking up the lower ; yet when the air was let in, the marbles were again 

ſtrongly preſſed together, and made to cohere. | 
From the whole, it appears, that tho' in bodies of a ſenſible bulk, whoſe 
ſmooth ſurfaces touch one another, the force of the air is the principal 
cauſe of coheſion ; yet, it ſeems, in general, a ſufficient cauſe thereof, that 
the parts of the body be at reſt by one another; though, perhaps, the en- 
_ 
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bulk, being either fluid or conſiſtent ; and it being the chief requiſite of a 


fluid body, that its ſmall parts be in motion, nothing ſeems neceſlary to keep 
a body from being fluid, and conſequently to keep it firm, but that its con- 


tiguous parts be in a ſtate of reſt. 
Another requiſite to firmneſs, is the texture of the parts that conſti- Texture another | 


tute a body; for, tho' the juxta- poſition, and reſt of theſe parts, may, — 1 
poſſibly, alone ſuffice to make the body ſtable ; yet texture ſeems to be 
the moſt uſual cauſe of ſtability ; and ſometimes alſo, it may ſuperadd a 
degree of that quality to what bodies have upon the former account only. 
For tho', while the parts of the body are actually at reft, it cannot be fluid; 
yet thoſe parts, if they cohere to one another but by reſt only, may, cateris 

aribus, be much more eaſily diſſociated, and put into motion by any ex- 
ternal body, actually moved, than they could if they were, by hooks, or 
other kinds of faſtenings, entangled with one another ; it being often ne- 
ceſſary, in this caſe, violently to break off theſe faſtenings, before the little 
bodies, join'd together by them, can be ſer free, and pur into ſuch a ſepa- 
rate motion, as is requiſite to conſtitute a fluid body. We formerly il- 
luſtrated the nature of fluidity in the white of an egg; let us now try, 
whether it will alſo aſſiſt us in our ſearch after the cauſes of ſtability. When 
an egg is made hard by boiling, ſince nothing appears to get in at the ſhell, 
unleſ? ſome ealorific atoms, and perchance ſome ſmall particles of water; 
it is not eaſy to diſcover from whence this change of conſiſtence proceeds, 
unleſs from a change in the texture of the parts, whereby they are connected 
and difpoſed after a new manner, fit to make them reciprocally hinder the 
freedom of each other's motions. But if, inſtead of hardening the whites- 
of eggs by the heat of the fire, you beat them into a froth, you may per- 
ceive that froth to retain the nature of a ſtable body; for it may be raiſed 
up into a pyramid of a conſiderable height. And I have made, with a 
little care, a long and proportionably thick body of theſe bubbles, hang. 
down like an ificle from my finger, without falling: yet in theſe, there 
appears no alteration made in the fluid body, except a mere mechanical. 
change of the difpoſition of its parts: which may be confirm'd by water 
agitated into froth ; for herein the bubbles will quickly ſubſide, and fall 
back into water, of the very ſame conſiſtence it was of before. 

Now there are ſeveral ways, whereby a body may be put into a texture, S ππ]] ] e 
proper to make it firm; tho, for the moſt part, one of them is not em * 
ploy d a-part, but two or more in conjunction. The firſt and chiefeſt of 
theſe, ſeems to be the fitneſs and ſhapes of the component particles, to 
faſten them to each other; as if ſome were figur d like the handles of buckets, 
and others like the hooks employ d to draw them; ſome like buttons, others 
like loops; ſome like male, others like female ſcrews: or, as if many to- 
gether, were ſo variouſly branched, that their parts may be inter woven 
one within another, and not * eaſily ſeparable; thus only by twiſting 
threads together, they are ſo well faſten'd to one another, as to con- 


ſtitute a cable, which is not to be broken without a vaſt force. 


And 
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LYN to one another, that it is very poſſible for two fluids, upon their conjun- 
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And ſo numerous may be the correſpondent figures, fit to faſten bodies 


| tion, to intangle their parts, and thereby acquire ſuch a new texture, 
that they cannot diſſociate themſelves, nor flow after the manner of li- 
quors, but remain ſo connected, and unaCtive, as to become one entire firm 

body. Something like this appears, upon mixing the diſtilld liquor of ni- 
tre, and that made per deliquium out of fixed nitre, which will thus pre- 
' ently coagulare into ſaline and ſtable bodies. But this ſeeming only a re- 
union of the ſaline particles, that ſwam in the aqueous parts of the 

mixed liquor, which, after this ſeparation, remains both in greater plenty 
than the ſaline parts, and as fluid as before; we ſhall add another in- 
ſtance, to ſhew how much the firmneſs of bodies depends upon their tex- 

ture. If you take, then, the rectified ſpirit of wine, and dephlegmed 

ſpirit of urine, and mix them in a due proportion, you may, in a mi- 
nute, turn theſe two fluid liquors into a conſiſtent body; and, I have, 

immediately, upon the ſhaking of them, ſeen them ſhoot like ſnow, and 
acquire ſuch a conſiſtence, that I could, without ſpilling the mixture, turn 
the veſſel upſide down. But this experiment will not — unleſs both 
the ſpirits are exactly dephlegmed. Yet ſo much doth this coagulation de- 
pend upon the ſalt of urine, as being of a particular texture, and not as 
| birdy urinous, that ſufficiently rectified ſpirit of harc's-horn may be here 
uſed in its ſtead ; tho even a rectified ſpirit, drawn from unfermented urine, 

| hath failed of producing the ſame coagulation. But it is farther remarkable 
in this experiment, that the white ſubſtance, being put into a glaſs-veſſel, 
exactly ſtopp'd, and kept in a gentle heat for ſome months, will, for the 
greateſt part, reſume the form of a limpid liquor; as if either all the crook- 
ed particles, that connected the ſmall coalitions, were, by this means, bro- 
ken off; or the ſame little concretions, after various attempts to get clear 
of each other, at length extricated themſelves, and became able freely to 

ſhift their places, and form a liquor. And having digeſted a convenient 
proportion of pure Saccharum Saturni, made with ſpirit of vinegar, and re- 

. tified: ſpirit of wine together, I found the mixture ſo changed in point of 
.conſiſtence, that, upon inclining the containing veſſel, none of it would 
run down the ſides: yet, by the bare addition, even of a very fix d and 
very dry body, this-coagulum may, in a few hours, be reduced to a perma- 

nent liquor. But, becauſe it is not eaſy to procure ſpirits pure enough to 
make this experiment, we will ſet down another quick way of hardening 
one fluid body by another. If you beat the white of an egg, till it be- 
come _ and -then ſhake well into it, about half its quantity of true 
Jpirit of ſalt, the mixture will, in a few minutes, be ſo coagulated, that 

not a drop of liquor will run from it. Another experiment, of the ſame 

nature, we have from Sir Francis Bacon, of coagulating the whites of 

eggs with ſpirit of wine; and, by ſhaking the two ingredients well 
together, I have found ir ſucceed. He ſuppoſes, indeed, that this coagula- 

tion proceeds from the heat of the ſpirit of wine; but * wh doubt- 
leſs, abounds with a piercing ſalt, which may very well ſuffice for this 
2 * pur- 
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purpoſe. And we have not only produced the like effect with acid ſpi- P | 
rits, but even by a crude ſalt; for, by long beating the white of an egg, 


with a lump of alum, you may bring the greateſt part of it to a white 
curd. So that if we will allow this coagulation, to be performed by the 
heat of ſpirit of wine, this heat muſt be only ſuch, as may be aſcribed 
to the active particles of ſaline bodies, which yet are commonly accounted 
rather cold than hot. But becauſe I doubt how juſtly they are reputed ſo, 
I purpoſely took the ſerum of human blood, and endeavour'd, though in 
vain, to coagulate it with ſuch ſpirit of wine, as would coagulate the whites 
of eggs ; yet this ſerum will coagulate by a gentle heat of embers, as ſoon 
as they: which makes it ſuſpicious, that the effect proceeded from the 
greater correſpondence in texture, of the ſpirit of wine, with one of the 
liquors, than with the other, rather than from the heat aſcribed to it, 
which did not at all coagulate the ſerum. 

Thus the eſſential oil of aniſeeds, which, in the heat of ſummer, re- 
mains as perfect a liquor as other chymical oils, contrary to them, du- 
ring the cold of winter, coagulates into a body like camphire, and not with- 
out ſome degree of brittleneſs. We may add, that the liquor diftill'd from 
benjamin, is ſubject to much more frequent viciſſitudes of fluidity and 
firmneſs ; for part of it, all the year long, continues in the form of a black- 
iſh oil, and the reſt, according as the ſeaſon of the year, or the time of the 
day, makes the weather cold, or hot, frequently changes its texture; ſome- 
times appearing the ſame with the oil juſt mention'd ; ſometimes ſhoot= 
ing into clear, and variouſly-ſhaped cryſtals ; which faſten themſelves to the 
bottom and ſides of the veſſel, till a warmer part of the day, or of the ſea- 
ſon, diſſolves them again into a liquor. And this may alſo ſerve to confirm, 
that the fluidity of ſome bodies depends, almoſt wholly, upon the various 
agitation of their parts; for, in theſe inſtances, the parts of the aniſeeds, 


and thoſe of the benjamin, upon the operation, or abſence of the languid 


heat of the air, conſtituted a fluid, or a conſiſtent body. 

And, as we have ſhewn, that two fluid bodies may be aſſociated into a 
conſiſtent one, ſo, on the other hand, a fluid body may, by the change of tex- 
ture, be divided into two conſiſtent ones ; as in drawing the more volatile 
parts of ſallad- oil, where neither the liquor that comes over, nor the ſub- 
ſtance which remains behind in the retort, is fluid, tho? the oil which yielded 
them were ſo. But before diſtillation, putting to the oil a convenient quan- 
tity of common ſalt, and another thing or two, fit to change the texture of 
the branched particles whereof it conſifts, I then obtain'd an oil, that dropt 
into the receiver, in the form of a liquor, and continued fluid. I have, like- 
wiſe, 1 a way to purify the dark, muddy oil of amber, drawn 
fer ſe, lo that a large proportion of it would come over very tranſparent, 
and finely colour'd ; and the liquor thus prepar'd, will ſwim even upon 
ſpirit of wine. My method is, to take two pounds of good brandy, one of 
— half a pound of the oil, and mix them, and diſtil them tor 
gether. 


Vol. I. XX Salt= 


— ill ſeem to be loſt therein; and to conſtitute with it, one uniform fluid 


| 
| 
| 


: 
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Salt-petre, by being diſſolved in a ſufficient quantity of common water, 


ſubſtance ; but, if a competent quantity of that water be exhaled, the ſa- 
line particles, by re-uniting themſelves, form into ſtable cry tals of deter- 
minate figures. Which will ſuggeſt a way, whereby ſome bodies may 
become firm and ſolid, by the admixture of a due proportion of wa- 
ter, or ſome other liquor. For though the ſmall parts of ſuch fluids, being 
themſelves in motion, are apt to communicate ach an agitation to others; 
as fluidity principally depends on; yet an equal, or a double weight of oil 
of vitriol, diſtill'd from running mercury, will, when far the greateſt part 
of the liquor is come over, leave a very white powder, conſiderably "a d 
behind it. And in preparing the beſt Mercurins dulcis, the quick-filver is 
fo intermixd with the ſalts it carries up in ſublimation, that the dry 
and brittle body they compoſe, may contain much more mercury than 
ſalt. And other experiments may ſhew, that the mixture of a conve- 
nient liquor may cement bodies into one hard concretion, which would 
ſcarce otherwiſe happen : for, difterent qualifications may be requir'd in a 
body, whilſt it is conſtituting, and when it is conſtituted. And though the 
motion of the parts that make it up, oppoſe the firmneſs of a formed body, 
yet it may conduce to make a firm body: for, when a great many hard 
corpulcles lie together, looſe and incoherent, they reſemble a fluid ; 
whereas, by the mixture of a liquor, thoſe looſe corpuſcles being, for a- 
while, diſſociated, and put into motion, they may, after many evolutions, 
apply themſelves to one another, after the manner moſt' requiſite to make 
them touch in larger ſurfaces. Thus, in the burning of alabaſter, if the 
powder, after it hath done boiling, and been ſufficiently calcin'd, be well 
beaten ſome hours afterwards, and temper'd up with fair water, almoſt to a 
thin conſiſtence, that fluid ſubſtance will, in a few minutes, begin to ex- 
change its fluidity for firmneſs ; ſo that if it were before caſt into a mould, 
it will perfectly retain the impreſſion thereof. And that here there is, for a 
while, ſuch an agitation of the hard parts, produced upon the affuſion of 
the water, and afterwards an excluſion of the ſuperfluous water, appears 
from hence ; that when any conſiderable quantity of burnt alabaſter is tem- 
per'd with water, the mixture ſoon grows ſenſibly hot, and ſometimes con- 
tinues ſo for a pretty while: and having purpolely fill'd a new half-pint 
vial with this liquid mixture, and ſtopp'd it up cloſe, in leſs than half an 
hour it crack d the vial in feveral places, and diſcharg d itſelf, at the 
creviſes, of about a ſpoonful of clear water; the remaining mixture re- 
taining perfectly, the figure and dimenſions of the vial, and growing harder 
than chalk. And, let me add, that ſome other ſubſtances may thus afford 
mueh more ſolid bodies, than burnt alabaſter : whence it would be of good 
uſe to enquire what others are, by this means, reducible to a lafting ſoli- 
dity. Fournier, after having told us that the Romans made the faireſt har- 
bours in the world, by the help of a certain ſand, to be met with at 
Cuma, and Puteoli, in the kingdom of Naples, which, mix d with a third 
| part 
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part of quick-lime, acquires, in the water, the hardneſs of flint, ſubjoins, Pursics. 
that in Flanders, near Tournay, he ſaw a certain ſort of aſhes, made with LY VN 


marble-lime, that was excellent for any work in the water. For, having 
here made a bed of great ſtones, they caſt upon them large quantities of 
theſe aſhes, inſtead of mortar; and the water, betwixt the ſtones, having 
temper'd them up, ſo petrify'd them, that, in a ſhort time, they became as 
hard as marble. That the various motions, and juſtlings of the hard par- 
ticles, conduces to their uniting into one ſtable concretion, ſeems confirm'd, 
by what we have obſerv'd in ſome ſaline liquors, eſpecially certain par- 
cels of ſpirit of hart's-horn, which, whatever were the conſtitution of the 
ambient air, remain'd fluid, ſome of them for many months ; after which, 
the ſaline corpuſcles began to ſhoot, at the bottom of the remaining liquor, 
into exquiſitely figur'd cryſtals. For this ſpontaneous coagulation, hap- 

ning ſo late, ſeem'd to be preceded by numerous evolutions ; whence, at 
length, the little bodies came to turn thoſe parts of themſelves to each 
other, by which they might be beſt faſten'd together, and conſtitute a 
firm body. For this coagulation proceeded not from the evaporation of 
the ſuperfluous liquor, becauſe the glaſſes were carefully ſtopp d; and if 
any thing could get away, it muſt have been a ſubtile ſpirit, which would 
only have left the remaining liquor more aqueous: and it is well known, 
to thoſe who deal with ſuch kinds of liquors, that themore aqueous they 
are, the leſs they tend to cryſtallize. And, having in a cryſtal vial, carefully 
kept a quantity of well-colour'd tincture of amber, made with pure ſpirit 
of wine, it remain'd fluid for a year or two; but, after two or three years 
more, I found ſeveral yellow lumps of amber, almoſt like beads, with one 
fide flat, here and there faſten d, partly to the bottom, and partly to the 
ſides of the glaſs. 


Another cauſe of ſtability in bodies, is, the admiſſion of adventitious Adventitions 
corpuſcles into their pores : of the ways wherein this may happen, theſe 227% = 
appear to be the chief. 1. By 2 thence thoſe voluble particles, =, 


which, by their ſhape, or motion, oppos'd the coalition, or diſturb'd the 
reſt of the other particles, whereof, the body conſiſted. 2. By hindring 
the motion of the little bodies that compoſe it. And, 3. By conſtituting 
with the particles it conſiſts of, uſcles more unapt for motion, and fit 
for mutual coheſion. To theſe ſeems reducible the way of coagulatin 
milk by runnet, whoſe ſaline particles pervading the body of that flui 
not only make a commotion in the parts of it, but faſten the branched par- 
ticles thereof to one another, and, with them, conſtitute a body of another 
texture: when the weight of theſe curdled bodies, reducing them, by de- 
grees, into a cloſer order, ſqueezes out the thinner liquor, which the 
runnet was unable to coagulate; and which, being thus ſever'd from the 
oſſer parts of the milk, may well be more fluid than the milk itſel£ 
nd that there is ſome coalition of the particles of the runnet, with the 
coagulated ones of the milk, appears by the complaints made of cheeſes 
taſting tooſtrong of the runnet. And tho we here aſcribe the coagulation of 
milk, to the ſaline particles of * yet oil of vitriol, the juices of 1 * 
X 2 
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Phrsics. ral herbs, and other things, will do the ſame. I have prepared a falt of 


the ſame nature with the Sal mirabilis of Glauber, which ſeem'd to have a 
power of coagulating common water; for, being diſfolvd in a convenient 
quantity of it, almoſt the whole mixture will ſhoot together into fine 
cryſtals, apparently of an uniform ſubſtance, and ſo brittle as to be pulyera- 
ble; thoꝰ the concretion may have ſuch a proportion of water in it, that 
when the experiment has ſucceeded well, I have, from three parts of wa- 
ter, and but one of ſalt, had about four parts of cryſtals. I have alſo pre- 
pared a whitiſh ſubſtance, which would not only deſtroy the fluidity of 
ſome other liquors, but give a conſiſtence to a large proportion even of oil 
of vitriol ; the parts whereof are ſuppoſed to be vehemently agitated, 
And at the bottom of a well-ſtopp'd vial, I have kept a little of this pow- 
der under a conſiderable proportion of oit of vitriol, which appear'd con- 
fiſtent, without having alfecked the powder, whereon it had been only 
poured, and ſuffer'd to ftand in the cold for a day or two. And if upon 
whole cryſtals of nitre, very well dried, and contain'd in a vial, you gently 
pour good oil of vitriol, till it ſwim about half an inch above the falr, 
and leave the vial cover'd with paper, at reſt, in a cool place; the liquor 
will, if the experiment ſucceed, ſlowly ſettle itſelf about the nitre, fo 
that the vial being inclined, it will not run out. And that in coagulating 
quick-ſilver, by the vapour of melted lead, fome metalline fumes really 
enter the quick-ſilver, ſeems probable, from the waſting of lead by fuſion, 
and the effects aſcribed by chymiſts to the fume of lead upon gold. And 
a phyſician of my acquaintance, keeping ſome lead long in fuſion, to re- 
duce it per ſe into a calx, and holding his head often over the melting- 
pot, to obferve the alterations of the metal, was ſuddenly purged ſeveral 
times upwards and downwards; which both he and I aſcribed to the me- 
talline exhalations. And tho' I ſuſpected the congelation might proceed 
from the loſs of ſome ſubtile ſubſtance, that formerly agitated, but af- 
ter deſerted the mercurial corpuſcles ; yet that the concretion of the quick- 
filyex might be effefted by ſome benumbing vapour of the lead, ſeems 
confirm'd by an obſervation of that great geometrician, Dr. Wallis, and 
others at Oxford; who in making the experiment under confideration, found, 
that upon the firſt fuſion of the lead, the quick- ſilver being tied up in a 


* 


rag, and, before it grew too cool, immers'd therein, was very well coagu- 


lated by it ; but when they came to melt it the ſecond time, and put other 
quick-{ilver into it, the experiment would not fucceed:: which ſeems to 


prove, that there is in lead a coagulating ſteam, or ſpirit ; but in ſo ſmall a 
proportion, that it almoſt totally difledges; or ſpends itſelf, upon the firſt 
opportunity it meets with, of paſſing into quick-ſilver. Pouring ſome com- 
mon ſallad-oil upon Aqua fertis, it at firſt floated together on the top of it, 
but after ſome hours, had its texture ſo chang'd, by the aſcending feams, 
that it was turn'd into a white conſiſtent body, reſembling butter. The 


like we have perform'd with expreſſed oil of ſweet almonds. And ſome 


times pouring off the ſame Aqua fortis, or ſpirit of nitre, wherewith I had 


, eagularcd oil- olive, from the butter-like fubſtance, I have caſt camphire 


Into, 
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into it, which, without heat, was thereby reduc'd to an oil, retaining a Parysies. 
diſtinct ſurface from the menſtruum whereon it floated ; ſo that the ſame 


menſtruum, unaſſiſted by fire, turn'd a brittle body into a liquor, and vice 
verſa ; for common oil ſufler'd to float long enough upon ir, will be brittle. 
And this brittle ſubſtance, ſeem'd to receive a more durable alteration from 
the menſtruum, than we expected: for, when melted with heat, it would, 
upon cooling, become again conſiſtent ; and I could not reduce it to a l- 
© quor, by — it with oil of tartar per deliquium; which has a great 
power to mortify acid ſpirits, ſuch as Aqua fortis, and ſpirit of nitre. The 
jaſt way whereby external corpuſcles, entring into a body, may give it. a 
ſtable conſiſtence, is, by cauſing ſuch a commotion in the parts of it, as 
may make them apply themſelves one to another, in a greater ſurface, or 
otherwiſe complicate and diſpoſe them after the manner requiſite to make 
them ſtick together. This way of rendring bodies conſiſtent, is ſeldom or 
never employ'd by nature, without the concurrence of ſome of the other 
means already mention'd : but we have diſtinguiſh'd it from the two laſt, 
becauſe, in them, we ſuppoſe ſome of the adventitious corpuſcles to be - 
ſtopp'd in the body, to whoſe firmnefs they conduce ; but here we ſup- 
pole, that without materially concurring to conſtitute the body they work 
on, they only agitate, and variouſly move the particles it conſiſts of; ſo that 
the parts, which formerly either moy'd ſeparately, or adher'd together but 
looſely, are now reduced to a cloſer order, or more implicated texture, and 
thereby more firmly connected to one another. That the bare diſpoſition 
of the parts of a body, with regard to each other, without any addition 
of foreign matter, will greatly conduce to ſtability, we may ſee both in 
ſome examples formerly mention'd, and in oſier wands, which, when lying 
looſely in a heap together, may each of them very eaſily be diflociated - 
from the reſt ; but, when they are breaded into a basket, they cohere ſo 
ſtrongly, that if you take up any one of them, you raiſe-all the reſt. 
We might add thoſe many obvious inſtances, wherein, by. the bare texture 
of the {lender hairs, or threads whereof wool or ſilk conſiſts; cloth, ſtock= - 
ings, and many other durable-garments, are made. We may, allo, ob- 
ſexve the force of bare motion, in altering the texture, and, thereby, the con- 
ſiſtence of bodies in the common way of churning : for there the external 
impulſe, makes a great commotion in the parts of the cream; whence the 
more branched corpuſcles, meeting with one another, are intangled, and 

thereby ſeparated — the reſt: and, after many occurſions, all theſe parts 
are, at length, faſten di to one another; and excluding thoſe of the thinnex 
fluid, which ſeem not ſo conveniently ſhaped for mutual coheſion, conſtitute 
butter; which is made yet more conſiſtent, or compact, by being com- 
preſs'd, as the parts thereby reduced into a cloſer order, ſqueeze out the 
liquor which was intercepted amongſt them. It will, perhaps, be thought 
more ſtrange, that a fluid body, nay, a diſtill'd liquor, which is very vola— 
tile, and paſſes for ſimple, and homogeneous, ſhould, by motion, without 
the mixture-of any- new matter, be made coherent ; yet, even the-chymical 
oit ot turpentine, may, in a great meaſure, if not wholly,; be 2 
wWithoud 
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Parsics. without addition · A very expert chymiſt ſhew'd me, in a receiver, ſome 


dil of turpentine, which he had often diftill'd over per ſe, very much coa- 


"Firmneſs 
#he reſult of 


gulated into a whitiſh and conſiſtent body; affirming, that he had, ſome- 
times, by frequent diſtillations, without addition, obtain'd from clear oil of 
turpentine, a far greater proportion of ſuch a ſtable ſubſtance; whoſe 
conſiſtence, whether it ſhould be aſcribed to the fire's breaking the oily cor- 
2 into parts more fit for mutual coheſion; or whether it proceed 


om a new texture of the ſame corpuſcles, happening from thoſe va- 
rious evolutions, to be diſpoſed after ſuch a manner, as to complicate, 


or otherwiſe connect them, I need not now enquire: it is ſufficient, 
that we hence ſee how much even motion, without the addition of any 
ſenſible ſubſtance, may, in ſome caſes, conduce to firmneſs. I have ob- 


ſerv'd, that oil of wax, diſtil'd in a retort, with a proper addition, tho 


at firſt it chiefly came over in the form of a butter, yet, by ſtanding in a 
cool place, and in cool weather, it would gradually reſolve into a tranſ- 


parent oil. 
maybe But what if fluidity and ſtability depend ſo much upon the texture of 


particular tex» parts, that by the change of that texture, the ſame parts may be made 


EX «re. 


permanently to conſtitute either a fluid, or a dry body? An inſtance of 
this is afforded us by quick-ſilver ; for, if ſome ounces of that fluid mine- 
ral, be put into a convenient glaſs-veſſel, and that veſſel be firſt exact 

ſtopp d, and kept for ſix, eight, or ten weeks, in a ſand furnace, — 
heat may be ſtrong and conſtant, the corpuſcles that conſtitute it, will, 
after innumerable revolutions, be ſo connected to one another, that inſtead 
of a fluid body, they will appear in the form of a red powder, which 
-chymiſts call precipitate per ſe. But to do this more expeditiouſly, take half 
5 or a pound of quick-ſilver, and, with a ftrong fire, diſtil it out 
of a glaſs retort ; and, for the moſt part, there will remain in the bot- 
tom, and about the ſides of the veſlel, a little red powder, which ſeems 


to be nothing but part of the fluid body turn'd into a dry one, in eight 


or ten hours time. After what manner the fire produces ſo odd a change 
in the quick-ſilver, I preſume not to know. It is true, that tho* the cor- 
-puſcles of liquors touch one another but in part of their ſuperficies, yet 
they all-of them ſeem to have ſome degree of viſcoſity, ſlight complication, 
or adheſion of parts; as appears by their being ſo eaſily reduced into 
thoſe thin membranes, or films, which we call bubbles: ſo that not only 
ſpirit of wine will afford them, but even quick-ſilver, notwithſtanding its 
ponderoſity, being ſuffer d to fall in a ſlender ſtream, into a veſſel almoſt 
Full of the ſame mineral, yields numerous and large bubbles, though they 


are not laſting. Hence it might be imagin'd, that in this operation, ſome ſuch 


change is made in the quick-filver, as we formerly obſerv'd in the white 
of an egg; when, a new diſpoſition of its parts, cauſed either by heat, or 
concuſſion, makes it a kind of ftable body: or elſe it may be argued, that 
there is a variety of parts in quick-ſilver, from the great variety of its ef- 
fects upon other bodies; and that by the frequent evolutions, which the 
fire makes of thoſe parts among themſelyes, they come, at length, to by 
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10 applied to one another, as either to lock into each other, or ſlip upon Pays. 
one another's ſurfaces, ſo that as much of their ſurfaces immediately touch. 


as is requiſite to make them cohere. "Theſe conjectures, and many others, 
may be propoſed, bur, I fear, all of them will not ſolve the phenomenon. 
Nor were we much inſtructed, from viewing our mercurial precipitate in 
an excellent microſcope: we hence only diſcover'd, that the red powder 
had in it many corpuſcles of various other colours; and that the little 
grains had no determinate ſhape, but appear'd like ſlender fragments of 
red coral. And having put ſome ſmall duſt of a ſhining precipitate of gold 
and mercury, into the ſame glaſs, all we could diſcern was, that the 
little grains of this, differ'd from thoſe of the other; being ſo tranſparent 
throughout, that any one would have thought he beheld the beſt ſort of 
thoſe precious ſtones call'd granats. But tho' we pretend not to ſhew, 
how the new texture is produced in the quick-ſilver, yet to make it ſtill 
more evident, that its change of conſiſtence proceeds from its change of 
texture, we will add, that having a deſire to try whether our powder could 
not be made fluid again, I procur'd ſome precipitate per ſe ; which being 
weigh'd, and put into a convenient glaſs, was carefully urged with a naked 
fire; and, at length, it roſe, by degrees, in fumes, which ſettled in the neck 
of the glaſs, in many drops of running mercury; all which, being collected 
into one, we found that there wanted but about a ſixth or ſeventh part of 
what we had put in; and, perhaps, we had not wanted that, only the ve- 
hemence of the fire melted the glaſs, which took up ſo much of the 

der, as made a great ſhew thro” it, after we had removd what was 
uſed, from the fire. Having half an ounce of a certain mercury, which 
I took for that of lead, I found I could, barely by ſhaking it long together, 
reduce it to a black powder ; in which form it would continue as long as 
I pleas'd : and barely by dextrouſly rubbing it in a marble mortar, I could 
immediately reduce it to a running mercury again; Which quick paſlage 
from one to another, being made without the help of fire, or without 
adding, or taking away any viſible ſubſtance, ſhews how greatly motion 
and reſt, and the texture of the component parts of matter thence reſul- - 
ting, may contribute to fluidity and firmneſs. Hence we learn what to 
think of the doctrine of ſome modern philoſophers, who teach, that a fluid 
body is always diviſible into bodies equally fluid, as quantity is into quan- 
rities ; as if the particles of fluid bodies muſt alſo be fluid themſelves : for, 
it appears, that quick-ſilver, and ſome other actually fluid bodies, greatly 
conſiſt of of hard corpuſcles, ſince, by the change of their texture, they may 
be depriv'd of their fluidiry, and become ſtable. We ſee, atſo, that the 
ſtiff and ſolid particles of ſalts, diſſolved in common water, and of ſilver 
diſſolv'd in Aqua fortis, being, by thoſe liquors, ſufficiently diſſociated, and 
ſeparately agitated, with them conſtitute fluid bodies. And, by putting to- 
gether, in a glaſs retort, one part of quick- ſilver, and four of common oil 
of vitriol, and diſtilling them in a ſand furnace, with a ftrong fire, there 
remain'd in the bottom of the veſſel, a ponderous calx, ſo far from fluid, 


that it was but in part diſſoluble in water. And what ſeems to prove, that, 
in 
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Pnrsics. in the very liquid oil of vitriol, tho? a diftill'd liquor, the ſaline corpuſcles 
V which chiefly. compoſe it, retain their ſtiffneſs; by ſteeping our calx in fair 


water, we could ſeparate from it a conſiderable quantity of particles, 


which, upon the evaporation of the water, coagulated into numerous ſa- 


line and brittle bodies: and that theſe: proceeded rather from the men- 
ſtruum than the metal, we were induced to think, by obſerving, that the 
dry calx, before any water was poured on it, weigh'd a great deal more 
than the quick-filver, when it was put in; and the oil of vitriol that was 


abſtracted, a great deal leſs than before it was committed to diſtillation. 
Nay, I obſerved in a glaſs, where I kept a quantity of oil of vitriol, that 


there ſpontaneouſly faſtenꝰd themſelves to the ſides, little ſaline cryſtals, 
ch | found hard and brittle ; but when I had expoſed them to the air, 


they preſently reſumed a fluid form, and appear to be oil of vitriol. In 
the obſervation alſo, lately mention'd, of the 


pontaneous coagulation of ſpi- 
Tit of hart's-horn, it ſeems evident, that bodies, which are all, or moſt of 
them, hard, and appear ſo when they are commodiouſly connected to each 


other, may yet conſtitute a fluid body, when reduced to a ſufficient ſmall- 


neſs, and put into a convenient motion. And, indeed, if the leaſt particles 
of fluid bodies were not-endowed with their determinate bigneſs and ſhapes, 


but ſuch fluid bodies could be always divided into particles alſo fluid; 


how comes it to paſs, - that ſome liquors cannot pierce into, or moiſten ſome 
bodies which are eaſily pervious to other liquors? For if the particles of 
the excluded liquor were of neceſſity always diviſible into fluid ones, there 
ſeems no reaſon why they ſhould not be ſubdivided into ſuch very ſmall 
ones, that no pores can be ſuppoſed little, or oddly enough figured, to keep 
them out. It is true, the matter whereof fluid bodies conſiſt, is capable 


of being indefinitely divided; and it may be granted too, that the ſmaller 


the parts into which a body 1s divided, the more eaſily they may, cateris 
paribus, be put in motion: but this diviſibility of a fluid body into per- 
tually leſs Parts, belongs not to it properly, as a fluid, but as it is a 
8 z ſuch diviſibility, if ſuppoſed true, being a primary property of mat- 
ter itſelf, and belonging as well to thoſe portions of it which are hard, as 
to thoſe which are fluid. And tho' it were admitted, thar ſuch an end- 
leſs diviſion might be mentally made; yet it would remain a queſtion, whe- 
ther nature, in fact, divides bodies ſo far: however, it is not only requiſite 
ro the conſtiution of a fluid body, that the parts of it be ſmall enough, but 
that they be alſo actually moved. For we lately obſerved, that the duſt 
of alabaſter, put into motion, reſembled a fluid body; and immediately 
ceaſed to be fluid, when it ceaſed to be agitated ; whereas the particles 
of water, as minute and apt as they are to conſtitute a fluid ſubſtance, do 
yet make that hard and brittle body we call ice, when thoſe little particles, 
upon what account ſoever, are —.— to a ſtate of reſt. | 
From what is here deliver'd, we may alſo be aſſiſted to judge of the 
doctrine of the chymiſts, who teach, that in all bodies, coagulation, ſta- 
bility, hardneſs, and brittleneſs, depend upon ſalt; for tho* what has been 


aid of the curdling of milk by ſaline liquors, and the hardneſs obvious in 


ſalts 
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ſalts themſelves, may keep us from denying, that the ſaline principle is Pursics. 
very powerful in the coagulation of ſome bodies, that is, produces much LY WV. 
firmneſs, or even brittleneſs, in many of the concretes wherein it is pre- 
dominant ; yet this hardening power ſeems not to proceed from any pe- 
culiar wh; to coagulate other bodies, or make them compact; but 
from the ſhape and motion of its corpuſcles, which, it ſeems, are more 

fitted by nature, than thoſe of many other concretes, to inſinuate them- 
ſelves into the pores of bodies, and faſten their particles to themſelves, and 
to one another; as when many pieces of paper are kept from ſcattering, 
by a wire run thro' them. But whenever there is in the conſtituent 
parts of a body, a ſufficient fitneſs and diſpoſition to adhere firmly to one 
another, nature may of thoſe parts compoſe a ſtable body, whether they 
abound in ſalt, or no; it not being ſo much upon chymical principles, or 
even upon the predominancy of any one ingredient, as upon the ſhape and 
motion of the component parts of bodies, that their fluidity and firmneſs 
depend. I will not here urge that ſalts are generally reducible by an eaſy 
mixture with water into the form of liquors ; nor that ſea-ſalt, ſalt of 
tartar, and many other ſorts of ſalts, will, of themſelves, even in the air, 
aſſume the form of fluids; nor yet will I preſs the example of coral, which 
is confidently affirmed to be ſoft, whilſt it remains in the ſalt water, and to 
grow hard when taken out of it : bur I ſhall rather demand, what ſalt can 
be made appear to paſs out of the body of melted lead into that of quick- 
ſilver, to perform in it the coagulation above-mentioned 2 What acceſſion 
of ſalt is to be obſerved, when running mercury is precipitated per ſe into 
a powder? And how will it be proved, that when, in a well-ſtopped 
glaſs, the whole body of water is, in froſty nights, turned into firm ice by 
the cold of the air, that coagulation is performed by ſalt : for chymiſts have 
not yet made it appear, that either ſalts, or even the diſtilled ſpirits of them, 
can penetrate, without a kind of prodigy, the narrow pores of unheated 
glaſs? It is uſually obſerved in eggs, that tho” at their being firſt laid, the 
ſhells are ſoft, yet they ſoon after grow hard and brittle ; yet it appears not 
how the ſaline ingredient is 3 to effect this ſpeedy induration : and 
tho the coldneſs of the outward air, and its imbibing ſome of the moiſt | 
parts of the ſoft ſhell, may concur herein; yet there are many obſervations b 
of egg-ſhells, found hard in the hen. And I myſelf have found ſeveral 
eggs, at one time, in the body of the ſame hen, which were each of them 
furniſhed with a compleat and brittle ſhell. I farther demand, what 
quantity of ſalt can pierce the hard ſhell, and cloſe-wrought membrane, 
that both lines it, and involves the egg, eſpecially fince eggs may be hatched 
by a temperate external heat without the hen? Yet we may here obſerve, 
that the ſame internal ſubſtance of the egg, which at firſt was fluid, is, 
upon the excluſion of the chick, turned, almoſt wholly, into conſiſtent bodies, 
ſome of them tough, as the membranes and griſtles of the bird ; ſome 
of them harder, and almoſt brittle, as its bones and beak ; and all this without 
the acceſſion of new ſalt. It would be difficult for chymiſts to prove, that 
diamonds and rubies contain ſalt: and it may be alſo queſtioned, whether 
Vol. I. 15 | the 
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PaysIcs. the blood of animals, when it is freeſt from ſerum, does not, tho? a liquer, 
d much abound with ſalt, as their skins or fleſh. c 


And fince it is with chymiſts that L now argue, I farther demand of them, 
whence it happens that one grain of the powder of projection can turn a 
whole pound of mercury into true gold or ſilver; and, conſequently, change 
a very fluid body into a very firm one; tho” the proportion of ſalt employ d, 
would not amount to the fix or ſeven thouſandth part of the liquor. To 
this I ſhall add, what Helmont relates upon his own experience, and that of 
Raymond Lully, concerning his alkaheſt, that, being abſtracted from common 
quick-ſilver, it, in a quarter of an hour, coagulates it, yet leaves nothing of 
itſelf with the mercury on which it works. I remember alſo, that a phy ſi- 
cian of great veracity told me, that at the Duke of Holſtein's he took notice of 
a glaſs of ſpirit of urine, which in warm weather remained in the form of a 
liquor, but was in cold weather totally coagulated into cryſtalline ſalt ; in 
the preparation of which, he ſaid, the Duke cauſed ſpirit of urine, ex- 
ceeding rich in volatile ſalt, to be very often diſtill'd; after every diſtillation 
uniting all that came over in a liquid, with that which remain'd in a ſaline 
form, till by very frequent cohobations, all the parts of the urinous ſubſtance 
were brought to the coalition aboye-mentioned. ** 

And on this occaſion, we will annex a few other particulars, tending as 
well to render the chymical hypotheſis doubtful, as to confirm our own. And 
firſt, in the art of making ſugar, very great care is taken, that nothing acid 
fall into the caldrons, (eſpecially the juice of lemmons) wherein the juice ot 
the ſugar-cane is to coagulate: for tho? acidity be generally by the chymiſts 
aſcribed to ſalt, yet theſe ſaline bodies are here ſo far from promoting the 
coagulation of the . ſaccharine ſyrup, that they would utterly prevent it. 
To the authorities of Pifo, and others, for this, I might add what has been 
confirmed to me by perſons who pretend more than ordinary knowledge in 
the art; but all agree, that the juice ſqueezed out of the ſugar-canes is firſt 
boiled, and purified in vaſt veſſels of copper or braſs, whence it is afterwards 
convey d to be farther purified and coagulated in ſmaller 7 and that whilſt it 
is in the former, they pour upon it ſome very ſtrong lixivium to facilitate the 
ſeparation of its feculencies ; as in the ſmall ones, it is uſual to pour a little 
oil. or butter upon the boiling juice to keep the ſyrup from boiling over. 
They farther declare, that if the oil were added to the liquor in the larger 
veſlels wherein it is firſt clarified, or the lixivium put to it in the ſmaller, 
in either caſe, it is abſolutely impoſſible to make ſugar. So greatly do 
the fluidity and firmneſs of bodies depend upon their texture, how much 
ſoever the chymiſts would have them depend upon ſalt. 

To this borrowed obſervation, we will add two or three experiments of 
our own, made on purpoſe to give light into this matter, Firſt then, we pre- 
pared a liquor as ſaline as Aqua fortis, and yet when we laid fragments of 
folid: harts-horn of ſeveral ſizes to ſteep in it, the menſtruum was ſo far 
from hardenfng, that it would pierce into and ſoften them; ſo that in about 
two or three days, it reduced them to a kind of white mucilaginous ſub- 
ſtance. We took, alſo, good ſalt of tartar, and poured on it ſpirit of vi- 

negar, 
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negar, as long as the affuſion would produce any ebullition; then we diſtill'd 
off the liquor, which came over almoſt inſipid; the ſaline parts which make 
the ſpirit of vinegar ſo ſharp, being retained by the ſalt of tartar: upon 
the remaining dry mixture, we poured freſh ſpirit of vinegar, as long as any 
hiſſing enſued, and afterwards abſtracted the aqueous parts of this parcel 
of liquor alſo ; and ſo we proceeded, till having ſufficiently impregnated the 
fixed ſalt with the ſaline parts of the diſtilled vinegar, we obtained a mix- 
ture, which, tho* wholly conſiſting of ſalts, required not the heat of the 
fire to turn it into a liquor. Laſtly, we took common oil of vitriol, and caſt 
into it ſeveral little pieces of camphire, which floating upon it, were by de- 
grees, in ſome hours time, wholly reduced into a reddiſh oil, which ap- 
peared together upon the top of the other liquor : then, having formerly 
found, that oil of vitriol would eaſily mix with common oil, we tried alſo, 
by ſhaking the ſaline and camphorate liquors together, to unite them, and 
eaſily confounded them into one high-coloured liquor, which ſeemed very 
uniform, and continued ſo for many hours; then we added to this mixture 
three or four times as much fair water, and the camphire immediately be- 
came a white conſiſtent body again, and by degrees ſettled at the top of the 
liquor: where we may obſerve, that the camphire is not made hard, but 
fluid, by mixing with the ſaline corpuſcles of oil of vitriol ; and that it 
exchanges its fluidity for firmneſs upon the affuſion of inſipid water. 


And thus much may ſuffice to have ſaid of the ſtability of bodies from 


ſalt. As for the hardneſs and brittleneſs which the chymiſts alſo aſcribe to 
the ſame principle, how much they may be increaſed or diminiſhed, without 
the addition or decreaſe of the ſaline ingredient, appears in the experiment 
of tempering a ſlender piece of ſteel : for when this hath been ſufficiently 
heated, you may, by plunging it red-hot into fair water, which is more 
likely to diſſolve than increaſe its ſalt, make it both very hard and very brit- 
tle; but by too leiſurely cooling in the air, it will become much leſs bard, 
and more tough : and if, after having quenched it in cold water, you again 
heat it, till it have attained a deep blue, it will become ſoft, and very flex- 
ible; and that not from any waſte made of the ſaline ingredient by the fire: 
for if this ſoftned ſteel be again heated red-hot, and ſuddenly cooled, whe- 
ther in water, or otherwiſe, it will regain both hardneſs and brittleneſs. 
And that by procuring a cloſer order, and more immediate conta& of the 
parts of a body, we may, without increaſing the ſalt, increaſe the hardneſs 
of it, is alſo obvious from compreſſing ſnow, as was formerly obſerved. 

I know that ſeveral philoſophers, entirely aſcribe the induration, and 
eſpecially the petrifaction of bodies, to a ſecret internal principle, by ſome 
of them called a form, and by others a petrifying ſpirit, lurking commonly 
in ſome liquid vehicle; and from conſidering ſeveral cryſtalline bodies, aud 
regularly-ſhaped ſtones and other minerals, which I have ſeen and known to 
be dug out of the earth, 1 am forward to grant, that it is a plaſtic principle 
implanted by the wiſe creator in certain parcels of matter, which produces 
in ſuch concretions, as well the hard conſiſtence, as the determinate figure. 
But the difficulty conſiſts in . that internal principle n 
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 fatisfied himſelf, coral was a plant, by 
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its effects; which theſe writers not pretending intelligibly to explain, we 
thought proper to ſurvey ſome of the principal ways, by which nature ſeems 
to make bodies firm and ſtablez whence we may be aſſiſted to judge whether 
it is neceſſary to have recourſe to a plaſtic principle, or petrifying ſpirit, in 
the hardening of ſuch bodies, whoſe curious and determinate textures argue 
their having been faſhioned by ſome one formative power, or by ſeveral 
ſeminal principles convened together. And becauſe hardneſs is a high de- 
gree of firmneſs, we ſhall ſhew by ſome examples, how ſmall an external 
operation may, without any apparent adventitious ſalt, render a ſoft body 
hard, and even brittle, when there appears no other change to be made, 


than in the texture or diſpoſition of its component particles, 
It is a tradition that coral grows ſoft at the bottom of the ſea ; but when 


it is brought up into the open air, tho? it retains its bulk and figure, yet it 
then hardens intoa ſtony concretion; according to that of Ovid, 


Sic @ corallium quo primum contigit auras 
Tempore, dureſcit ; mollis fuit herba ſub undis. 


Now as to the truth of this tradition, Gaſſendus, in the life of Piereskius, 
has this paſſage concerning that gentleman's fiſhing for coral near Toulon. 
** The plants which were plucked up, appeared neither red nor beautiful, 


| © till their bark was taken off; in ſome parts they were ſoft, and would 


give way to the hand, as towards the tops, which being broken and 
* ſqueezed, they yielded milk like that of figs.” Furnier likewiſe, after 
having particularly deſcribed the way of fiſhing for coral near Toulon, adds, 
* theſe plants are neither red nor ſmooth when drawn out of the water, 
till their rind has been taken off; nay, they are ſoft, and being ſqueezed 
between the fingers, throw out a kind of milk reſembling that of figs : 
** and when the preſſure ceaſes, the ſmall holes or pores, that harboured 
** the milk, are viſfible*.” The credibility of theſe accounts has been con- 
firmed to me by a phyſician, who, in his return from the Eaſt- Indies, having 
made ſome ſtay on the iſland of Mehila, near that of Madagaſcar, where 
white coral 1s reported to grow in plenty, aſſured me, he had often gathered 
coral upon the ſand of that iſland, and found it, when firſt raken up, ex- 
ceeding white, and (to uſe his own expreſſion) as ſoft as an onion ; adding, 
= tho” it would ſoon grow hard in the air, yet if it be not gathered at a 
eaſonable time of the year, it will not keep long, but either crumble away, 
or otherwiſe decay. And Piſo, in his natural hiſtory of Brafil, ſpeaking of 


* M. tells us, that Count Marſigli eight parts: but taking the branches out 

of the water, theſe flowers preſently clo- 
placing it, when newly fiſhed up, in ſea- | ſed up, and formed themſelves into red 
water ; where, after ſome time, he per- | tubercles again, which being ſqueezed, 
ceived that the little red tubereles u afforded a milky juice. Putting the bran- 
the ſurface of its bark gradually * ed, ches again into ſea- water, theſe tubereles 
and, at length, appeared in the form of | flowered again, and continued thus for 
white flowers, 1 with eight | eight or ten days, Memoir. de I Acad. An. 


points, and a ſmall calix divided into I 1708, p. 130, 
places 
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places uf n that coaſt, where many ſtony plants, ſome like little trees, ſome Pursics. 
otherwiſe figured, may be ſeen in clear weather growing at the bottom of 


the ſea, tells us, that if they are plucked up from the bottom, they preſently, 
by being expoſed to the ſun upon the ſhore, become exceeding hard, dry, 
and white. And Scaliger tells us, upon his own knowledge, of a ſhining 
matter voided by urine, which in the air coagulated into a firm ſubſtance 
like glaſs, It is, alſo, affirmed of amber, that it hardens in the air after be- 
ing dragged out of the ſea ; which ſeems the more credible, becauſe I have 


ſeen a whole ſpider perfectly incloſed in a piece of hard and tranſparent 


yellow amber. It is not impoſſible, that the contact of the external air 
may put the parts of ſuch ſmall bodies into a new motion, whereby ſome 
voluble corpuſcles, which hinder their reciprocal adheſion, may be excluded, 
and the particles themſelves preſs'd, or otherwiſe diſpoſed into a cloſer 
order : and we find, that ſome oil-colours, after they are brought to their 
due temper, may be preſerved very long in the ſame degree of ſoftneſs, if 
they, and the ſhells that contain them, be kept all the while under water; 
tho in the air, they would quickly change their texture, and become dry 
and hard. But tho' in the laſt example, the removal of a body out of 
the water into the air, ſeems manifeſtly to contribute towards its growing 
hard; yet it is not ſo eaſy to determine, what ſhare the air hath in effect- 
ing ſuch indurations: for Gaſſendus relates of Piereskius, that it being his 
cuſtom in the ſummer time to waſh himſelf in one of the leſſer ſtreams of 
the Rhoſne, he there once felt the ground, which he uſed to find even and 
ſoft, grown hard with little round balls, like hard boiled eggs without their 
ſhells; ſome_ of which he took up, carried home, and in a few days 
after, returning to the river, he found thoſe little balls or lumps turned into 
perfect pebble-ſtones ; which he obſerved likewiſe befel thoſe which he had 
carried away, and laid up. I have known two or three ſpoonfuls of burnt 
alabaſter, mix'd up thin with water, in a ſhort time coagulate at the bot- 
tom of a veſſel full of water, into a hard lump, notwithſtanding the water 
that ſurrounded it; which, it ſeems, by the texture of the maſs, was kept 
out of its pores, as it is out of thoſe of the oils of cinnamon and cloves, 
which, tho' fluid bodies, that will fink in water, ſuffer not its particles to 
inſinuate themſelves between theirs : and artificers obſerve, that the coagu- 
lating property of burnt alabaſter will be very much impaired or loſt, if 
the powder be kept too long, eſpecially if in the open air, before it is made 
uſe of; and when it hath been once temper'd with water, and ſuffer d to 
grow hard, they tell me, they cannot, by any burning or powdering of it 
again, make it ſerviceable for their purpoſe as before: ſo much doth the 
coagulation of theſe powders, mixed with water, ſeem to depend upon 
their texture, and other mechanical qualities. I remember alſo, that tho 


the bones found in the hearts of deer, ſo extolled by phyſicians, do, in the air, 


acquire a hard conſiſtence; yet having conſider d one of them in the heart 
of a deer newly kill'd, I found it there of a cartilaginous ſoftneſs and flexibi- 
lity. And I have often doubted, whether not only conſiſtent bodies, but 


ſome of the moſt ſolid, may not have been fluid in the form either of ſteams 
or 
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"Paysr1cs. or liquors, before their coalition into ſtones or other mineral bodies. There 
Y>/-are many who think, that ſtones, marcaſites, and ſuch other durable bo- 
dies, were made together at the creation; and will not admit, that ſuch con- 
cretions can now be generated: tho* it would not be difficult to ſhew, that 
ſuch parcels of matter are now to be met with in the form of ſtones, as did 
not before appear under that form; but whilſt it was divided into minute 
parts, either was ieſelf: ſome fluid body, or at leaſt did, as a material 
part, concur to conſtitute one that was ſo. I have ſeen a flat ſtone, in which 
was moſt lively ingraven the figure. of a ſmall fiſh, with all the fins, ſcales, 
c. which was affirmed to have been incloſed in the body of that ſtone, 
and to have been accidentally diſcovered, when the ſtone, chancing to re- 
. ceive a blow upon its edge, ſplit aſunder. A ſervant of mine, in the coun- 
. try, inform'd me, that whilſt he cauſed one of my walls to be repaired, the 
. maſon. breaking a. ſtone to uſe about the building, found in it a piece of 
wood, which ſeem'd part of the branch of ſome tree. And this appears to 
me a more cogent proof of the incxeaſe of ſtones, than ſeveral others, on 
which eminent naturaliſts 0 
And unleſs we will ſuppoſe, there-were, from the beginning, made together 
with, or in the midſt of great maſles of one kind of mineral, little par- 
cels of..another, of a quite different ſort, either whole quarries of ſtone, or 
heavy and fhining minerals, or both, may have been fluid bodies. The ob- 
ſervation .whereon I ground this conjecture, is, not only that we have met 
with in lead-ore, and alſo in minera antimonii, parcels of a white ſtone, or 
par, ſurrounded with a metalline body; but chiefly, that I have, with my 
on hands, taken a hard, pondexous, ſhining mineral, like a marcaſite, 
of the ſhape of a pear, and of about the bigneſs of a walnut, out of the 
very body of a ſtone which environ'd it en all ſides; and this I took, not 
aut of a ſmall and looſe ſtone, but a large one, dug for ſtatues. And one of 
- thoſe ho wrought upon it, told me, that in faſhioning it into ſtatues, they 
found it contain more minerals. And a ſtatuary, having taken much pains 
to ſaw aſunder a very large ſtone, when he came to the middle of it, found 
he could go no farther; the ſtone being broken, he perceived, that what ſo 
obſtinately reſiſted his ſaws, was a round marcaſite, which he brought me; 
but I cauſed him, for my ſatisfaction, to bring alſo that part of the ſtone, 
wherein the marcaſite lay, and by comparing them together, I diſcern'd, 
that as much of the ſtone, as was contiguous. to the marcaſite, had a kind 
of ruſt about it, and fitted, the marcaſite ſo cloſe, as if either that had 
been formerly liquid, and afterwards, as it were, moulded in its receptacle, 
or the ſtone had been originally of ſome ſoft or fluid matter, which exactly 
accommodated itſelf to the ſhape of the other body ; or, laſtly, as if both 
the / matter of the ſtone, and that of the marcaſite, had been at once fluids ; 
each preſerving. its own ſurface diſtin&, till one of them firſt growing hard, 
the other, as being yet of a more yielding conſiſtence, accommodated itſelf 
to the figure of the former. 
But the moſt eminent inſtances, to manifeſt how much the fluidity and 


:furmyeſs of bodies depend upon the texture of their parts, are afforded. by 
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choſe waters, which, being permitted to reſt a- while, ceaſe to be fluid, and Paysics; | 
coagulate into ſtone. An ingenious man, lately going to viſit ſome lead 


mines, wherein he had a ſhare, found in the mountain, where they were 


hid, a cave, from whoſe arched roof, there drop'd down a petreſeent l- 


quor, Which often congeal'd, before it could fall to the ground, and by the 


appoſition of like matter, increaſed ſo much, as to hang from the roof, like 
ificles, from the ſides of a houſe; and of theſe he gathered, and brought 


me ſeveral, which are perfect ſtones, hard and brittle, eight or ten inches 
long, and proportionably thick. Another friend of mine, being lately in 
the cave, ſo famous for its petrifying liquor, in France, and obſerving tome 
drops of water to congeal into ſtone, whilſt he ſtood by, took them away 
with him, and ſent them to me. And we ſhall ſcarce deny, that an exter- 
nal agent, of an almoſt inſenſible bulk, may turn animal bodies into ſtones, 
by introducing a new texture into their parts, if, with ſome modern wri- 
ters, we credit Aventinus, who, in his Bavarian hiſtory, records, that at a 


4 


certain time and place, above forty men and women, with their cattle, kil- 


led by an earthquake, had their bodies, by a terrene ſpirit, turned into ſta- 
tues; Which, he faith, were ſeen by the chancellor of Auſtria and himſelf. 


And we meet with ſome relations of this nature in other authors, which, if 


allow'd, will much confirm our doctrine; for in theſe ſtrange petrifications, 
the hardening of the bodies ſeems to be effected principally, as in the indu- 
ration of the fluid ſubſtances of an egg into a chick, by altering the diſpoſi- 
tion of their parts; ſince the petrifying ſteam cannot be ſuppoſed to have 
any ſuch conſiderable proportion in bulk, to the body changed by it, as to 
effet this change chiefly as an ingredient. We may add, that Pamphitio 
Piacentino is, by another author, quoted for an unparallel'd account of a 
woman in Venice, who, after having eaten an apple, ſuppoſed to have been 
poi ſon'd, was ſeized with hideous tortures, and dying in the ſpace of twenty- 
fours after, was turned into exceeding hard ſtone. Bur leſt we ſhould ſeem 
ro build upon the obſervations of others, which cannot be now brought 
to ſtrict examination, we will produce a practicable experiment of our 
own. | 

Take then two ounces of quick-filver, two ounces and a half of the beſt 
verdigreaſe, about half an ounce, or an ounce, of common falt, a pint, or 
pound, of white-wine vinegar, and as much fair water; incorporate the ver- 
digreaſe, quick-ſilver, and the ſalt, very well, and put the mixture, with a 
lictle of the vinegar and water, into a new pan, and fry it over the fire for 
ſeveral hours, keeping it continually ſtirred, and putting in more vinegar 
and water from time to time, as that already put in conſumes : then take 
out the mixture, and, in ſeveral clean waters, waſh it carefully from the 
adhering ſalts, and dry up the aqueous moiſture with a clean linen- cloth; 
whereby you will have a bright amalgam, almoſt like quick-ſilver. Now, 
tho' this dried mixture be, long after it is perfectly cold, not only ſoft, 
but ſo near to fluid, that I have caſt it into moulds, and made imboſs d images 
of it; yet by laying it a few hours in the air, which ſeemed leſs cold than 


itſelf, it has acquired ſuch a hardneſs, that being thrown againſt the floor, 
: w 


Huidity and Firmmeſs. 


44 
Pursics. it would rebound ; and proved brittle, like over-harden d ſteel : but in this 
erample, the induration of the amalgam appears not to proceed from an in- 


nate and inward principle, but from the new texture, reſulting from the 
coalition of the mixed ingredients, which make up the amalgam ; whoſe 
parts, being variouſly moved by means of the fire, and native propenſity of 
the mercurial corpuſcles to motion, were by degrees ſo diſpoſed, that as be- 
fore, touching one another but looſely, it was eaſy to thruſt ſome of them 
towards the middle of the body, without ſtirring much of the maſs ; by this 
change of texture, the particles are brought to touch one another more 
cloſely, and in greater portions of their ſurface, and to be ſo complicated 
among themſelves, that you cannot endeavour to thruſt one of them out of 
its place, but its motion ſhall be reſiſted by many others, whereto it is ſo 
faſten'd, that part of the maſs cannot be moved, without either moving the 
whole, or manifeſtly breaking it off from thence, and thereby deſtroying the 
continuity and union of the body. And that ſeveral of the ingredients did 
concur to conſtitute the ſoft maſs, which afterwards grew ſo hard, appears 
from hence, that the quick-ſilver was not ſo barely changed in texture, as 
that formerly ſaid to have been coagulated by the mere fume of lead, but 
concealed in itſelf a great number of metalline corpuſcles, beſides others; 
for we ſeparated from the amalgam, merely by the force of fire, a large 
quantity of true and perfect copper. That the ſalts alſo were both ingre- 
dients of the maſs, and might have ſome operation upon the other particles, 
ſeems probable: for having purpoſely expoſed ſome of this maſs for a while 
to a moiſt air, we found, that the formerly inviſible particles of alt, 
which had ſo inſinuated themſelves into the amalgam, that all the water, 
«wherein it was waſhed, did not ſeparate them from it, had ſo wrought upon 
the external metalline particles, that they had, in many parts of the ſurtace 
of the maſs, turned themſelves with it into a kind of verdigreaſe, which 
ſeemed almoſt to hide the ſurface of the concretion. And that in the more 
inward parts of a much harder body than our yielding amalgam, where 
eupreous particles abound, ſaline corpuſcles may have a great effect, appears 
from certain ſorts of minerals to be found in ſome parts of England, and elſe- 
where, under the form of ſtones, of which they make vitriol; for theſe a- 
bounding with vitriolate, that is, both ſaline and metalline particles, will, 
after they are taken out of the ground, and laid in the open air, by the 
working of the inward ſalt, ſome ſooner, and ſome later, ſwell and burſt 
aſunder: which could hardly happen, without a great change made in the 
internal diſpoſition of the parts of ſuch ſtony concretions. And having 
laid a mineral, of kin to theſe ſtones, for ſome time in the air, tho? but in 
a chamber, I found its ſurface powdered with little grains of vitriol, as both 
their colour and their taſte informed me. Now whether we ſuppoſe or no, 
that the fire put the parts of the amalgam into a laſting agitation ; yet the 
maſs being almoſt fluid, after it was taken from the fire, its parts may, ac- 
<ording to our notion of fluidity, be well ſuppoſed to have ſome kind of 
motion among themſelves; and it will not be denied, that the fire might 
concur, with other things, to make that motion convenient to cauſe the 


parts 
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parts to faſteñ themſelves to one another; for that the motion, wherein Puxses- 


a ſofr, and almoſt fluid body, is once put, may poſſibly tend to harden it, 
long after that motion ſeems to be extinct, appears probable, from what 


has been affirm'd to me by eminent and experienced maſons, that the 


beſt ſort of lime, made into mortar, will not have attain'd its utmoſt 
compactneſs, till within twenty-five, or thirty years, after it has been 
employed in building: and this is given me as one of the reaſons, why, 


in the demoliſhing of antient fabrics, it is ſometimes more eaſy to 


break the ſtone, than the mortar. And, laſtly, as to the texture re- 
ſulting from the blended ingredients of our amalgam ; having changed 
the proportion of the quick-ſilver to the verdigreaſe, we found that it 
coagulated much more {lowty, and when coagulated, was much ſofter, 
than when we uſed the quantities above ſet down. 

I ſhall add an inſtance of a natural induration, which, compared with 
our artificial one, may ſhew how nature and art have ſometimes re- 
ſembling operations in rendring bodies ſolid. 

FE. Pierre Pelleprat, who was lately ſent, with ſome other Jeſuits, to 
South= America, has this paſſage, in the ſhort relation he makes of the 
American continent. © It is,“ faith he, worthy of obſervation, that near 
the mouth of the great river of the Amazons, there is found a kind 
of green clay, which is ſo ſoft, as long as it remains in the water, 
© that one may print on it all kinds of figures, and give it what ſhape 
* one pleaſes; but when it is expoſed to the air, it hardens to ſuch a 
* — that diamands are not much harder than the ſtones it 
© affords.” I have, adds he, ſeen hatchets made of this clay, 
© which the ſavages employ'd to cut wood with, when they had not the 
* uſe of ours.“ In the laſt place, I ſhall give a remarkable experiment, 
to ſhew how much fluidity and firmneſs may depend upon the texture, 
motion, or reſt of the inſenſible parts of bodies. Make a ſolution of 
coral, with good ſpirit of vinegar, ſo ſtrong, that when filtred and 
cooled, it will, after ſome time, begin to have a ſediment; gently pour 
off the clear, when the experiment is to be made, and add thereto a 
convenient proportion of highly rectified ſpirit of wine; which if flowly 
and warily poured on, may be made to ſwim upon it as a diſtin& liquor: 
but if by a few ſhakes you mix them together, they will preſently con- 
crete into a ſubſtance, of which, when the experiment is well made, 
not one drop will fall to the ground, upon turning the containing wide- 
mouth'd glaſs, and holding it upſide down. But if you add a conve- 
nient quantity of ſpirit of nitre to the mixture, and ſtir it briskly there- 
with, the whole will in a few minutes be reduced to a tranſparent 


liquor *, 
But 


* Nothing can more conduce to ex- | than the following paſſage of Sir I. New- 
* ho nature of fluidity aud firmneſs, 3 The parts of all homogeneal bodies, 
L. 2 


« ſays 
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Physics. But I muft not conclude this diſcourſe without obſerving, that when. 
Mr. Hobbs diſputes againſt my opinion of fluidity, he very much miſtakes 


Arif dei it; as may appear by this part of his phyſical dialogue. They gene- 
dity aud fim. © rally diſtinguiſh the nature of a fluid, from that which is not fluid, 


. greatneſs of the parts of which any body conſiſts: wherefore 


* they do not only look upon air, water, and liquors, but upon aſhes alſo, 


re 


« ſays he,” which fully touch one ano- 
ther, ſtick together very ſtrongly. And 
for explaining how this may be, ſome 
*© have invented hooked atoms, which is 
* begging the queſtion ; and others 
tell us, that bodies are glew'd toge- 
ther by reſt, that is, by an occult qua- 
« lity, or rather by nothing: and others, 
„that they ſtick together by conſpiring 
© motions, that is, by relative reſt among 
« themſelves. I had rather infer from 
« their coheſion, that their particles 
attract one another by ſome force, 
« which, in immediate contact, is ex- 
« ceceding ſtrong, at ſmall diſtances per- 
forms many chymical operations, and 
«. reaches not far from the particles with 
« any ſenſible effect. All bodies ſeem 
e to be compoſed of hard particles —— 
<« even the rays of light ſeem to be hard 
bodies — and therefore hardneſs may 
4 be reckon'd the. property of all un- 
2 r matter for all bodies, 
«ſo far as experience reaches, are ei- 
« ther hard, or may be harden'd. 
No if compound bodies · are ſo very 
* hard, as we find. ſome of them to be, 
1 and yet are very porous, and conſiſt of 
parts which are only laid together, the 
« {imple particles, which are void of 
% pores, and: were never yet divided, 
« muſt be much harder. 


| 


i 


| 


For ſuch hard 


particles beipg heaped up together, | 


* can ſcarce touch one another in more 
«than. a few points, and therefore muſt 
« be ſeparable by much leſs force than is 
« requiſite. to break a ſolid particle, 
« where parts touch in all the ſpace be- 
**.tween them, without any pores or 
* interſtices ro weaken their coheſion, 
„ And how ſuch very hard particles, 


«..whith are only laid together, and 


de and duſt, as fluid bodies; and deny not that fluids may be made 
* of ſolids; for they digeſt not, the notion of infinite diviſibility : infinite 


* divi> 


“e tick together, and that ſo firm! 
cc 


« 
cc 
cc 
cc 
«c 
c 
cc 


as. 
they do, without the aſſiftance of 
ſomething ' which cauſes them to be 
attracted or preſſed towards one ano- 
ther, is very difficult to conceive. — 
Now the ſmalleſt 3 of matter 
may cohere by the ſtrongeſt attrac- 
tions, and compoſe bigger particles of 
weaker virtue; and many of theſe 
may cohere, and compoſe bigger par- 
ticles, whoſe virtue 1s ſtill weaker, 
and ſo on for divers ſucceſſions, till the 
progreſſion end in the biggeſt parti- 
cles, on which the operations in chy- 
miſtry, and the colours of natural bo- 
dies, depend; and which, by cohering, 
compoſe bodies of a ſenſible magni- 
tude.” Newton. Optic. p. 364—3 70. 
From hence Dr. Clarke, treading in the 
ſteps of Sir Iſaac, thus argues. The 
« primitiye and moſt minute particles 
of matter cohere among one ano- 
ther, not by reſt, but by mutual at- 
traction; and of theſe ſolid. and per- 
fectly hard particles, tis plain, that ail 
bodies, both fluid and ſolid, are equal- 
ly compoſed, , We are then to enquire 
what muſt be the figure and compoſi- 
tion of the larger particles, in order to 
- compoſe both fluids and ſolids. Now, 
1. when the particles of a body are ſo 
put together, that they touch one an- 
other in large ſurfaces, that body, 
the mutual attraction of its parts be- 
ing very ſtrong, will be exceeding hard. 
And, 2. as thoſe parts afterwards only 
touch, or are alſo inter woven among 
themſelves, ſo the body will be more 
or leſs brittle, and melt with a grea- 
ter or leſs heat; whence proceeds ice, 
wax, glaſs, metals, bones, wood, Cc. 
3. The bodies, whoſe particles-touch 


| 


* 


4c 
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40 


touch only in a few points, can 
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« in ſmaller ſurfaces, and conſequently 
are 
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«© divifion cannot be conceived, ſay they, but infinite diviſibility eaſily Prsics. 
cc may: But I do not underſtand the diſtinction of fluids and not fluids, CFWWWY 
«.which they take from magnitude; could I reliſh this, I muſt ſay, that 
{© the ruins of ſhatterd ſtones, which lie in Paul's church-yard, were 
© quid. But if thoſe ruins cannot be call'd fluid, becauſe the ſtones are 
© too big, tell me the bigneſs that the parts of a ruin'd wall muſt have, 


© to be call'd fluid? 


But let thoſe, who cannot underſtand infinite di- 


© viſibility, tell me why I ſhould believe it more hard for almighty God 
©* to create a fluid body, leſs than any atom, that its parts might actu- 
« ally flow, than to create the ocean. They, therefore, make me deſpair 
© of receiving any benefit from them, by ſaying, that they think air, wa- 
© ter, and other fluids, conſiſt of ſolids; as if a wall, that began to fall 
© to ruin, were call'd by them a fluid body. If they may ſpeak fo, every 
© thing is fluid; for even marble itſelf may be broken into parts, leſs than 


“ any atom, imagin'd by Epicurus.”* 
the parts, whereof a body conſiſts, 


But tho' I make the ſmallneſs of 
one of the requiſites to its being 


fluid; yet I call the various agitation of thoſe particles the principal qua- 


« are leſs hard, may ſtill be ſufficiently 
« ſolid ; whence gold is ſpecifically hea · 
« vier, tho' leſs , cov'Y than a diamond. 
« 4, That compact body, whoſe parti- 
« -cles, when. preſs d together, approach 
« nearer. to, but yet do not ſlide over 
«© one another, is hard and elaſtic, re- 
« turning to its figure with a force ari- 
« ſing from the mutual atrraftion of its 
« parts. 5. If the parts ſlide upon one 
« another, the body-is malleable or ſoft, 
« 6, If the partieles touch in very ſmall 
% ſurfaces, the body is friable, like 
« ſnow, or eaſily ſeparable into its parts; 
« as two poliſh'd marbles adhering toge- 
« ther in vacuo, which may be disjoin'd 
« by a very ſmall force. 7. If they 
« touch not at all, or ſlip eafily, and 
tt are of a fit ſize to be agitated by heat, 
« and the heat is great enough to — 
« them in agitation, (tho perhaps muc 
« leſs is requiſite to keep water from 
« freezing) or only ſmall, voluble, fl 

« pery, and of a figure and bulk diſ- 
4 roſed to motion, the body is fluid. 
Tho the partieles, even of theſe mot 


ec cx0.; which is owing to the mutual at- 
« traction of their parts. Now thoſe 
44 fluid bodies, whoſe particles eaſily en- 
e tangle with one another, as thoſe of 
* oil, or grow ſtiff with cold, and be- 
© come fixed, as it were, with wedges, 
« together, like thoſe of water, will 
<*« ealtly grow hard; but if their parti- 
cles will neither entangle, as thoſe 
** of the air, nor grow ſtiff with cold, as 
* thoſe of quick-ſilver, they will not 
* cohere together. 8. If the parts of a 
* body are 'exceeding ſmall, denſe, and 
e ſpherical, that body may both be fluid, 
« and much heavier than others, which 
are harder; their particles being leſs 
* ſolid, but touching one another in 
larger ſurfaces. 9. If the particles of 
any body may be agitated every way by 
a very brisk motion, they will, wha 
« ever be their figure, conſtitute a fluid, 
« as is the caſe of metals in fuſion : but 
« fuch a body will preſently grow hard 
de again, when that violent motion cea- 
« ſes. 10. Thoſe bodies, whoſe particles 
« are entangled with one another, and 


©« fluid bodies, in ſome meaſure cohere 
te together, as m_ from hence, that 
« quick-filver will ſtand to the height 
« of ſixty or ſeventy inches in a glaſs 
tube; that water will aſcend in ſmall, 
open pipes in vacuo ; and that drops of 
+ liquids preſerve their ſphericity in va- 


2 2 2 


touch in large furfaces, which are, in 
* ſome meaſure, ſeparated, and will ea- 
* fily flide over one another, prove ei- 
«© ther flexible, as leather; or very tena- 
© cious, as bird-lime, pitch, Sc. See 


— Optic. p. 370. and Clark, Annot. in 


Rohault. p. 109, 110. 
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Pursics. lification, and the chief condition of a fluid body; Mr. Hobbs, there- 
fore, much miſtakes, if he thinks that we always conſider aſhes and 
duſt as fluids, abſolutely ſpeaking : I always require, in the pares of 
a fluid, both minuteneſs, and ſuch a motion along each other, as makes 
them eaſily yield to the touch ; which qualifications, how well they be- 
long to the ruins of Paul's, is not very difficult to determine. Mr. Hobbs 
again makes uſe of the like example, and adds, that if we ſpeak at this 
rate, every thing is fluid ; for, ſays he, marble may be reduced to parts 
ſmaller than the atoms of Epicurus, But I would gladly know by what 
art Mr. Hobbs ean divide marble into leſſer particles, than ſuch as are na- 
turally indiviſible; for ſuch Epicurus makes his atoms to be: nor do I ſee 
how, in caſe this could be done, it proves that every thing is fluid. For, 
I ſay, that the blocks of marble, before comminution, are not fluid, 
either according to him or me; nay, the greateſt comminution imagin- 
able would not, according to my doctrine, make a lump of marble fluid, 
unleſs the heap, compoſed of the parts, how minute ſoever, were actually 
and variouſly ſet a moving amongſt themſelves. But he would, perhaps, 
have ſpoke more warily, if he had conſider'd the difference there is be- 
twixt ſaying, that all things are fluid, and that there are many ſolid bo- 
dies, which, by comminution, motion, and other requiſite alterations, 
may be made parts of a fluid; as ſolid ice may be turned into fluid wa- 
ter; and quick-filyer, precipitated per ſe into a red powder, be reduced to 
running mercury. As for what he ſays of an infinite diviſibility of body, 
it is ſcarce worth while to examine it; for I have ſhewn, that this divi- 
ſibility in no wiſe overthrows my doctrine of fluidity. Beſides, I do not 
well underſtand what he means, when he ſays, that an infinite diviſion is 
not conceivable, but an infinite diviſibility eaſily ; for ſince he has re- 
courſe, in this matter, to God's omnipotence, I ſee not why an infi- 
nite diviſion cannot be as well conceived, as an infinite diviſibility: 
ſure an omnipotent agent is able to do what is poſſible to be done, 
and why elſe ſhould a body be call'd infinitely diviſible 2 Beſides, it im- 
ports not to the controverſy about fluidity, to determine what the Al- 
mighty can do, but what he actually has done. And, laſtly, whereas my 
adverſary requires to have the magnitude defined, which a part of a 
falling wall ought to have, to deſerve the name of fluid; he ſhould firſt 
have clearly proved, that fluidity belongs to any one ſingle part of mat- 
ter, how minute ſoever, and not rather to an aggregate of particles. And 
the corpuſcles that compoſe a fluid body, may be of ſeveral ſizes, as thoſe 
of water, oil, and quick-ſilver ; provided they be minute enough to be 
put into the agitation requiſite to give the aggregate, they make up, the 
qualities neceſſary to denominate bodies fluid: and it is not requiſite 
for me to define preciſely the magnitudes of the parts of a fluid. Mr, Hob: 
having afterwards ask'd after the cauſes of hardneſs, is anſwer'd, that 
ſome aſſign three; to which he ſo far agrees as to ſay, but the cor- 
* puſcles, ſuch as are ſuppoſed by Lucretius, and alſo by Mr. Hobs, 


being hard before, might be eaſily compacted by any of theſe 
| «- cauſes: 
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c of thoſe corpuſcles will be hard.” But then he would have us 
aſſign the cauſe of that he calls durum primum. However, himſels © 


anſwers the objection he frames againſt my doctrine of hardneſs. He 
farther demands, ** if hard bodies are made our of parts originally hard, 
c why are not fluid bodies made of parts originally fluid? Could great 
te fluids, as the zther, be created, and not ſmall ones? He who firſt 
« made a body hard or fluid, could, if he had pleaſed, have made it grea- 


« ter or leſs than any other body. Now if a fluid body be made of parts 
ce not fluid, and hard bodies only from hard parts, doth it not follow, 


* that neither fluid nor hard is made of original fluids?” But, firſt, he 
ſhould have told us what he means by his prima fluida, and how he knows 
there are any ſuch; for without this, *rwill be as hard for a conſidering 
man to acquieſce in his queſtion, as to anſwer it. For my part, I know 


no fluid body, upon account whereof, as an ingredient, all others are 
fluid. And, I think, *twill be hard for Mr. Hobbs to ſhew, that wa- 


ter, quick-ſilver, rectified chymical oils, &c. conſiſt of ſuch fluida pri- 


ma, as he teaches, whereto they owe all their fluidity. And "tis plain 
from experiments, and even the obvious changes of water and ice into - 


one another, that tis the motion, reſt, and texture of the corpuſcles, 
which compoſe a body, that make it firm or fluid. As for what Mr. 
Hobbs demands, whether the ſmalleſt fluids imaginable could not as well 
have been created, as the zther; it proves nothing againſt me, the que- 


ſtion not being, what might have been made, but what is ſo. And he 
ſhould have anſwer'd the arguments I alledge, to render it improbable, | 


that a fluid body is, as he would perſuade us, always diviſible into bo- 
dies equally fluid, as quantity into quantities. Tis true, he tells us, 
that tho” many others do not, he underſtands by fluidity, that which is 


made ſuch by nature, equally in every part of the fluid body, in ſuch . 


2 manner as water ſeems fluid, and to divide itſelf into parts perpe- 
* tually fluid.“ But whether others will take this for a clear notion 


of fluidity, I think, may be doubted; and he ſhould not barely ſay, 


but prove, that the corpulcles of water divide themſelves, ſo as he teaches ; 
ſince we ſee, that they cannot penetrate glaſs, and are unable to be 
driven in at the pores of more open bodies, which other liquors eaſily 
enter. And, laſtly, to Mr. Hibbs's queſtion, if fluids may be made 
of ſolids, Oc. tis eaſy to give an anſwer, according to my doctrine; 
but till he has explain'd what he means by his fuida prima, and proved 
that there are ſuch, the queſtion needs no anſwer. Beſides, hat- 
ever he, thro” miſtake, ſtrives to infer, my doctrine is ſo far from aſſert- 


ing that there are many] parts of matter, of which neither fluid nor 


hard bodies can be made, that I teach, there are multitudes of parts, 


which may, by being reduced to ſufficient ſmallneſs, and put into a con- 
venient motion, or, by being brought to a mutual contact and reſt, be 


made to conſtitute either a fluid body, or a firm one. Mr, Hobbs thus 
; delivers 
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Pursrcs; delivers his own:theory of fluidity and firmneſs: © The principles of flu- 


LEY idity and firmneſs, are nothing but reſt and motion. By reſt, I under- 


cc {tand that of two parts, one with another, when they touch, but not 
ct preſs each other; for entire bodies of fluids may be in motion, and 


| ©. their fluidity remain; and hard bodies be at reſt, tho' their parts are 


*in motion: This, I doubt not, will, to moſt readers, ſeem a paradox; 


and as for his reaſoning, I ſhall readily. allow him, that entire fluids may 


move, yet preſerve their fluidity; - fince that, I think, agrees at leaſt as 
well with my hypotheſis as his: but he adds, that hard bodies may reſt, 
and yet their parts be moved, which, in one cafe, may be conceived, and 
in another not. For the implicated parts of a firm body may be made 

to tremble or vibrate, as thoſe of a ſounding bell, or, as in a hedge, the 
branches and twigs may be ſhaken by the wind, whilſt the trees and 
buſhes· themſelves continue rooted in the ground: but that in a body, 


. the conſtituent corpuſcles ſhould all, or moſt of them, be moved quite 
out of their places, in reſpe& of one another, as happens in fluids, and 


yet the body continue hard, is more requiſite than eaſy to be proved. 
But Mr. Hobbs contents himſelf to alledge, in favour of his ſtrange no- 


tion of fluidity and firmneſs, three particulars, which, I confeſs, afford 


me not the leaſt ſatisfaction. The firſt is drawn from what he formerly 
raught, of the ſwift motion of the air in our cylinder. He adds, © and 
© hence it is manifeſt, that there is a compreſſure in the air, thus moved 
and ſhut up, as great as the force, by which it was driven in, could 


make; and alſo, that from ſo great a compreſſure, ſome degree of con- 
e ſiſtence muſt ariſe, tho? leſs than that of water. Now if io all the ſame 
© particles of air, beſides the motion by which one preſſes another, there 


* was alſo the ſimple circular motion, and that vehement enough, it 
* would be almoſt impoſſible that any of them ſhould be moved from its 
** little circle; but that the other particles reſiſting the whole, would be 


©, preſſed. together, that is, become hard; for that is hard, of which no 


4 1 gives place, but upon the motion of the whole: hardneſs there- 
* fore may be made in a moſt fluid body, by this ſimple circular motion 


© of particles, which was before imparted to them by two contrary mo- 


* tions.” But I do not ſee how the ſimple circular motion he talks of, 


| ſhould give ſuch a hardneſs to the fluid air; nor is it manifeſt how the 


air, that perfectly fills the cylinder, can be by motion compreſs'd, eſpe- 
cially ſo far, as thereby to obtain a degree of conſiſtence, as he ſpeaks, 
leſs than the confiſtence of water. For the cylinder being, according to 
him, perfectly full of air, how can the pumping make the cavity-fuller 
than full, and conſequently compreſs the air to a conſiſtence, any thing 
near that of water, without penetration of dimenſions? But if there be 


not a various motion in the ſmall parts of water, whence is it that a 


lump of common ſalt, being thrown into a veſſel of that fluid, is there 
diſſolved into minute parts, many whereof are carried to the very top of 
&he. water, and ſo exquiſitely diffuſed and mixed with the whole, that 

each 
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froſty weather, ice is by heat, which Mr. Hobbs will not deny to be mo- 
tion, or an effect of it, turned from a hard to a fluid body? and 
that metals, whilſt they are either cold, or expoſed to a moderate heat, 
remain firm and conſiſtent bodies; but by a violent one, which mani- 


feſtly gives their parts a various and vehement agitation, gain a fluidity, 


which, upon their removal from the fire, they quickly exchange for firm- 
neſs? To conclude, I think I need not fear, that a doctrine, which I 


have, perhaps, with ſome care, endeavour'd to eſtabliſh, for the main, 
upon experiments, ſhould be overthrown. by opinions, the grounds 


whereof are ſuch, as we have already ſeen;. and-in pleading for which, 
Mr. Hobbs, not only leaves almoſt all my arguments untouch'd, but never 
offers to explain, by his principles, any of thoſe numerous and-important 
phenomena of fluidity and firmneſs, which Ideliver. 
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each drop of it contains numbers of ſaline corpuſcles. And if motion Physics. 
be the cauſe rather of hardneſs than fluidity, how happens it, that in WW VN 


+» 
* „„ . . K— TT = 5 mm —__—__ — 
. - - _ _ — 
- 
* q £ 
. 3 o = \ * bd - 4 *. N 
Ll e : \ - _ > .*, D - 


” ” n — r SS = r WT SR” my U”]- —_— x . ̃ ⅛ͤ . I , X R Hg wo wa” ww aw wy 


369 


** 


* 


The MrcuaAxlcAt 


ORIGIN and PRODUCTION 
| OF 
VOLATILITY and FIXEDNESS. 


| S'BEC'T I.. . 


H E qualities which render a portion of matter volatile, are prin- De qualities 
| cipally four; three whereof —— its fingle corpuſcles, and the 33 bt ge. 
other the manner of their union into the body they compoſe. By %, fr. 
corpuſcles or the minute parts of a body, I here mean not its elementary 
parts, as earth or water, ſalt or ſulphur ; but ſuch, whether ſimple or 
compound, as have their component particles ſo firmly united, as not to- 
tally to be disjoined or diſſipated by that degree of fire wherein the mat- 
ter they compoſe is ſaid to be volatile or fix d; ſo that they will, com- 
bined in their ag te, either aſcend or remain unraiſed as one intire 
body. Thus in fakarmoniac, whether it be a natural or a factitious 
thing, perfectly ſimilar, or compounded of different parts, I look upon an 
intire corpuſcle of it as a volatile portion of matter; ſo Ido upon a corpuſcle 
of ſulphur, tho* when tis kindled it yields much acid ſalt; which is not 
extricated by bare ſublimation. Thus alſo colcothar of vitriol falls un- 
der our conſideration as a fixed body, without inquiring what cupreous 
or other mineral, and not wholly fix'd parts, may be united with the 
earthy ones ; ſince the fires whereto we expoſe it, do not ſeparate them. 
Now in the firſt place, to make a volatile body, its parts ſhould be ſmall, Smale of pares. 
becauſe ſuch are more eaſily put into motion by the action of the fire, or 
other agents; and conſequently more apt to be elevated by a force that tends 
upwards ſtronger than any other way. And if with this minuteneſs of 
parts, there be but a ſmall ſpecific gravity, their ſurface then being propor- 
tionably larger than in bigger particles, this will much more facilitate 
their elevation. 

"Tis next requiſite in the corpuſcles of volatile bodies, that they be not Raviryer e- 
too ſolid or heavy; for otherwiſe, tho' their bulk be imall, they will 
uſually be hard to elevate, on account of their great ſpecific gravity, in 
reſpect of the air and the ſtrength of other agents. Thus tho' the parts of 

Vor. I. Bbb red 
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Pays1cs. red ou be very ſmall, they cannot be eaſily blown about like duſt or 
meal. | 
A third qualification in a volatile body, is that its parts be conveniently 
ſhaped for motion ; for if they be branched, hooked, ©c. they will be apt 
to be ſtopp'd or detain'd by other bodies, or to be entangled among 
themſelves, and conſequently very difficult to be carried upwards. And 
this may be one reaſon why water, tho' ſpecifically heavier than oil, is 
| much more exhalable in vapour than it. | 
Anda loſere The laſt thing neceſſary in a volatile body, is that its parts cohere looſely, 
bf, "or ſo as todiſpole them to be ſeparated by the fire, in the form of fume or 
vapour: otherwiſe one part will hinder the avolation of another, and 
their conjunction render them too heavy or unwieldy to riſe * as 
intire parts. Thus a ſtrong wind, in the ſpring ſeaſon, is unable to car- 
ry off the lighteſt leaves of trees, becauſe they then ſtick faſt to the twigs; 
but in autumn, when that adheſion ceaſes, a gentle gale will ſerve to diſ- 
perſe them. But tis poſſible that the parts of a body may, by the figure 
and ſmoothneſs of their ſurfaces, be ſufficiently apt for motion, and yet 
be indiſpoſed to admit ſo much of it as wou'd totally ſeparate and raiſe 
them into the air. As when ſalt-petre is, in a crucible, expoſed to the 
fire, tho a very moderate degree of heat will bring the ſalt to fuſion, yet 
a greater degree of fire will not extricate ſo much as its ſpirit, and 
cauſe that to fly away). 
| Five way: of This doctrine may be both illuſtrated, and applied, by deducing from 
— wp +a it the general ways of volatilizing bodies, or of introducing volatility 
into an aſſigned portion of matter. And theſe ways ſeem reducible to 
five, which I ſhall ſeverally mention, tho* both nature and art uſually 
employ two or more of them in conjunction. For which reaſon, I would 
not, when 1 ſpeak of one way, be underſtood to exclude the reſt, as if 
no other concurred in it. | 8 
n. a way. The firſt of theſe ways of volatilizing a body, is by reducing it into 
minute parts, and caters paribus, the more minute the better. This ap- 
ars from the vulgar practice of the chymiſts, who when they would 
ublime or diſtil antimony, ſal-armoniac, ſea- ſalt, nitre, Cc. beat 
them to powder to facilitate their receiving a farther comminution by the 
action of the fire. And in ſome bodies this comminution ought not to be 
i made only at firſt, but to be continued afterwards. For chymiſts find by 
'4 experience, that ſea-ſalt and nitre will very hardly afford their ſpirits in 
diſtitation, except they are mixed with powdered brick or bole, or 
ſome ſuch other addition ; which uſually twice or thrice exceeds the weight 
| of the ſalt it ſelf. And altho' theſe additions, being themſelves fixed, 
ſeem unlikely to promote the volatilization of the bodies mixed with them; 
| yet by preventing the ſmall grains of ſalt from melting together into one 
5 maſs, and conſequently keeping them in the ſtate of comminution, they 


Aptneſi to mo- 
tion. 


| | ® Volatie bodies, according to Dr, Freind, | ones, in nothing but in having their particles 
| in his chymical lectures, differ from fixed I more minute than they. 


much 
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much conduce to drive up the ſpirits, or the finer parts of the ſalts. We Physics. 


may add, that in ſome caſes, the comminution is greatly to be promoted bj 


mechanical means; and that, when the parts are brought to a great de- 
ree of ſmallneſs, they may be elevated much better than before. Thus 
if you mix filings of iron with ſal- armoniac, ſome few parts may be ſub- 
limed ; but if you diflolve thoſe filings in good ſpirit of ſalt, and having 
coagulated the ſolution, calcine the greeniſh cryſtals, or Vitriolum Marts, 
that will be afforded, you may, with eaſe and expedition, obtain a Crocus 
Martis of very fine parts; ſo that I remember, when we exquiſitely mix'd 
two parts of this fixed powder with three of ſal-armoniac, and gradually 
urged it with a competent fire; we elevated, at the firſt ſublimation,a great part 
of it; and adding a like, or a ſomewhat leſs proportion of freſh ſal-ar- 
moniac to the Caput mortuum, we could raiſe fo conſiderable a part of that 
alſo, and in it, of the Crocus, that if we had purſued the operation, we 
might, perhaps, have elevated the whole Crocus; which afforded a ſublimate of 
ſo very aſtringent a taſt, that it may make the trial of it in ſtanching of blood, 
ſtopping of fluxes, and other caſes, where potent aſtriction is deſired, 
worthy of a phyſician's notice. 


The ſecond means to volatilize bodies, is to rub, grind, or otherwiſe Tie ſecond woy. 


reduce their corpuſcles either to a ſmoothneſs, or ſome fit ſhape, that, ſo they 
may clear themſelves, or be diſintangled from each other. And to chis inſtru- 
ment of volatilization, in concurrence with the firſt, may probably be refer- 
red the following phenomena : in the two former of which, there is em- 
ployed no additional volatile ingredient; and in the fifth, a fixed body is 
diſpoſed to volatility by the operation of a liquor, carefully abſtracted from 
it. (1.) If freſh urine be diſtilled, the phlegm will firſt aſcend, and the 
volatile falt not riſe, till that be almoſt totally driven away; and then it re- 
quires a conſiderable degree of fire to elevate it: but if you digelt urine, 
in a well-cloſed glaſs veſſel, for ſeven or eight weeks, that gentle 
warmth will cauſe the ſmall parts fo to rub againſt, or otherwiſe act upon, 
one another, that the finer ones of the ſalt will, perhaps, be made more 
ſlender and light; however, they will be made to extricate themſelves ſo 
far, as to become volatile, and aſcending in a very gentle heat, leave the 
greateſt part of the phlegm behind them. (2.) So if muſt, or the artifi- 
cial wine of raiſins, be diſtilled before it hath fermented ; the phlegm, 
but no inflammable ſpirit will aſcend. But when this liquor is reduced to 
wine by fermentation, which is accompanied with a great inteſtine com- 
motion, ſome of tłke parts are qualified to riſe, by a very gentle heat, be- 
fore the phlegm, and convene into that liquor we call ſpirit of wine. Nor 
is it only in the ſlighter inſtances afforded by animals, and vegetables, 
that volatility may be effected by theſe means: experience hath aſſured me, 
that it is poſſible by a long artificial digeſtion, wherein the parts have lei- 
ſure for frequent attritions, ſo to ſubtilize the corpuſcles, even of common 
falt, as to make them aſcend in a moderate fire of ſand, without 
the help of bole, oil of vitriol, or any volatilizing addition : ard what is 
more conſiderable, the ſpirit would, ** riſing, precede the phlegm, and 
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Parsrcs. leave the — part thereof behind it. This inteſtine commotion of parts, 
capable of producing volatility in the more diſpoſed portions of a body 
tho' it be much eaſier to be found in liquors, or in moiſt and ſoft bodies 
yet I have ſometimes met with it in dry ones ; and particularly, having 
cauſed muſtard-ſeed to be diſtilled per ſe in a retort, I had a great many 
grains of a clear, and figured volatile ſalt at the very firſt diſtillation. l 
leave it to farther enquiry,whether in a body ſo full of ſpirits, as muſtard- 
ſeed, the action and re- action of the parts among — perhaps pro- 
moted by juſt degrees of fire, might not ſuffice to make in them a change 
equivalent, in order to volatilization, and the yielding a volatile ſalt, to 
that we have obſerved from fermentation and putrefaction in the juice of 
grapes, urine, Oc. But as ſome trials made with other ſeeds, and among 
the reſt with aromatic ones, have afforded me no volatile ſalt ; ſo the 

- ſucceſs of others has ſometimes made me think, that ſome ſubjects of the 
vegetable kingdom, whence we commonly drive acid ſpirits, but no dry ſalt, 
may be diſtilled with ſo regular a heat, as to afford ſome volatile ſalt ; and 
that more bodies would be found to do this, were they not too haſtily or 
violently urged by the fire. (3.) 'Tho' ſilver be one of the moſt fixed bo- 
dies we know, yet I am of opinion, that it is poflible, chiefly by a 
a change of texture, to render it volatile. An acquaintance of mine 
having hit upon a ſtrange menſtruum, tho” not corroſive, he abſtracted it 
from ſeveral metals, and brought me the remainders, with a deſire that 
I would endeavour to reduce thoſe of lead and ſilver to their priſtine 
form, which he had in vain attempted : but tho” I found the white calx 
of lead reducible, yet when I came to the calx of ſilver, I was unable to 
bring it into a body ; and having at length melted ſome lead in a gentle 
fire, to try whether I could make it ſwallow up the calx, in order to a 
farther operation, I was ſurprized to find, that this mild heat made the 
calx of ſilver preſently fly away, and ſublime in the form of a Farina vola- 
tilis, which whitened the neighbouring part of the chimney and upper 
part of the crucible. (4.) From that which chymiſts themſelves tell us, 
we may draw a good argument, ad bominem, to prove, that volatility de- 
pends much upon the texture, and other mechanical affections of a body. 
For ſeveral of thoſe philoſophers, who write of the elixir, ſay, that 
when their philoſophic mercury or grand ſolvent, being ſealed up together 
with a third or fourth part of gold in a glaſs-egg, is kept in convenient 
degrees of fire, the whole matter, and conſequently the gold, will, by the 
mutual operation of the included ſubſtances, be ſo changed, as not only to 
circulate up and down in the glaſs, but in caſe the digeſtion or decoction 
ſhould be broken off at a certain inconvenient time, the gold would be quite 
ſpoiled ; being, by the paſt and untimely-ended operation, made too vo- 
latile, to be reducible again into gold; whereas, if the decoction be duly 
continued to the end, not only the gold, but all the philoſophic mercury 
or menſtruum will be turned into a ſulphur or powder, of a wonderfully 
fixed nature. Now in this caſe, it is not by any thing ſuperadded, that 


the moſt fixed body of gold is made volatile ; but the ſame maſly matter, 
con- 
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conſiſting of gold and philoſophic mercury, is, by the change of texture, Phrsics. 
— by the various degrees and operations of fire upon it, brought x 


to be firſt volatile, and then extremely fixed. (5.) Helmont, amongſt other 

rodigious powers, Which he aſcribes to the alkaheſt, affirms, that by ab- 

racing it often enough, it would fo change all tangible bodies, and con- 
ſequently ſtones and metals, that they might be diſtilled over into liquors 
equal in weight to the reſpective bodies that afforded them, and having 
all the qualities of rain-water ; and if ſo, they muſt be very volatile. 
And I ſee not how thoſe, who admit the truth of this ſtrange operation, 
can deny, that volatility depends upon the mechanical affections of mat- 
ter; ſince the alkaheſt, at leaſt in our caſe, appears to work upon bodies 
mechanically. And it muſt be confeſſed, that the ſame material parts of 
a corporeal ſubſtance, which, when aſſociated and interwoven, after a 
determinate manner, conſtituted a ſolid and fixed body, as a flint, or a 
lump of gold; may by having their texture diſſolved, and by being freed 
from their former implications or coheſions, become the parts of a fluid 
body, totally volarile. 

The third means of making a body volatile is, by affociating the parti- 
cles to be raiſed, yvith ſuch as are more volatile than themſelves, and of a 
figure fit to be faſtened to them, or which are at leaſt apt, by being added 
to them, to make up therewith, corpuſcles more diſpoſed to volatility than 
they. This being the grand inſtrument of volatilization, I ſhall be the 
larger upon. But I muſt here obſerve, that tis poſſible the particles 
of an addition, tho" not more volatile than thoſe of the body it is mixed 
with, and perhaps, tho' not volatile at all, may yet conduce to volatilize 
the body wherewith it is mixed. For the particles of the thing added may 


be of ſuch figures, and fo aſſociated with thoſe of the body to be elevated, 


as in this to enlarge its former pores, or produce new ones, by intercept- 
ng little cavities, between the particles of that body, and thoſe 
of the additional ingredient. For by theſe, and other ſuch ways of aſſo- 
ciation, the corpuſcles, reſulting from the combination or coalition of two 
or more ſuch different particles, may, withont proving too big and. un- 
wieldy, be more conveniently ſhaped, or more light in proportion to their 
bulk, and ſo more eaſily buoyed up, and ſuſtained in the air, or otherwiſe 
more fitted for avolation, than when ſingle. 

The corpuſcles of the added ingredient may contribute to the elevation 


more diſpoſed for avolation, than is neceſſary to their own volatility. As 
when in the making of ſal-armoniac, the ſaline particles of urine, and of 
ſoot, are more fugitive than they need to be to raiſe themſelves ; and 
thereby are advantaged to carry up with them the more ſluggiſh corpuſcles, 
whereof ſea-ſalt conſiſts, And next, they may be of figures ſo proper ro 
faſten them to the body to be elevated, that the more fugitive will not be 
driven away, or disjoined from the more fixed by ſuch a degree of hear, 
as is ſufficient to raiſe them both together. To which effect, the congrui- 
ty or figuration, is as well required, asthe lightneſs or volatility of the parti- 
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of a body chiefly by two things; firſt, the parts of the former may be much ge, due, us. 
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Pursics. cles of the thing added. And therefore ſome of the moſt fugitive bodies we 


know, as ſpirit of wine, camphire, Cc. will not volatilize many 
ſubſtances, which might be elevated by far leſs fugitive things; becauſe the 
corpuſeles of ſpirit of wine ſtick not to thoſe of the body they are mixed 
with, but eaſily flying up themſelves, leave thoſe behind them, which they 
rather barely touch'd, than firmly adhered to; whereas, far leſs ſub- 
tile liquors, if they be endowed with figures, which fit them for a com- 
petently firm coheſion with the body they are mixed with, will be able to 
volatilize it. And of this I ſhall give ſome inſtances in bodies very pon- 
derous, or very fixed, or both. Jo begin with colcothar ; which being a 
vitriolic calx, made by a laſting and vehement fire, is, conſequently, capable 
of reſiſting ſuch an one; yet this, when exquiſitely ground with an equal 
weight of ſal-armoniac, a ſalt but moderately volatile, will be in great 
part ſublimed into thoſe yellow flowers we call Ens primum Veners ; in 
which, that many vitriolic corpuſcles of the colcothar are really elevated, 
will eaſily appear by putting a grain or two of that reddiſh ſubſtance in- 
to a ſtrong infuſion of galls, which thereby immediately acquires an inky 
colour. Steel alſo, (which muſt have endured extraordinary violences of 
the fire,) being reduced to filings, and diligently ground with about an e- 
qual weight of ſal-armoniac, will, if degrees of fire be skilfully admini- 
ſtred, without any previous calcination or reduction into a crocus, ſuffer 
ſo much of the metal to be carried up, as to give the ſal-armoniac a no- 
table colour, and a chalybeate taſt. And here it will be. proper to ob- 
ſerve, for the ſake of practical chymiſts, that the proportion of the vola- 
tile addition is to be regarded. Several bodies, thought unfit for fublima- 
tion, or incapable of having any conſiderable portion of them elevated, 
may be plentifully*ſublimed, if a greater proportion of the addition, than 
uſual, is skilfully employed. Thus in the inſtance of filings of ſteel, if in- 
ſtead of an equal weight of ſal-armoniac, the treble weight be taken, and 
the operation duly managed, a far greater quantity of the metal may be 
raiſed, eſpecially if freſh ſal-armoniac be carefully ground with the Caput 
mortuum. Ard ſal-armoniac may perhaps be compounded with ſuch o- 
ther bodies, heavier than it ſelf, as may qualify it, when it is thus clog- 
ged, to elevate ſome fit ſubſtances better than it would of it ſelf alone. I ſhall 
add, that if beſides the plenty of the foreign ingredient, there be a ſuffi- 
cient fitneſs of its particles, to lay hold on thoſe of the body to be wrought 
on, ponderous mineral bodies may be employed to voiatilize other heavy 
bodies. Iam apt to think, that almoſt all metals may, by large additions 
and frequent cohobations, be brought to paſs through the neck of the retort, 
in diſtillation ; and perhaps, if they be melted, not with equal parts, 
but with many more, of regulus of antimony, and the proceſs be managed 
as the hints now given direct, what I have ſaid may not prove unſervicea- 
ble. Many attempts have been, and are ſtill fruitleſsly made by chymiſts 
to elevate ſalt of tartar with additions. Now I ſhall only obſerve, that as 
frequent experience ſhews, if ſal-armoniac be abſtracted from ſalt of tar- 


tar, not only the ſalt of tartar is left at the bottom, but a large part * 
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the ſal-armoniac with it ; I ſuſpected the cauſe might be, that ſal-armo- Parys1cs. 
niac, by the operation of the alkali of tartar, is reduced into ſea-falt, Sv — 


and an uri nous one, having been at firſt compoſed of thoſe different ingredi- 


ents ; and by this means the volatile ſalt being looſened from the reſt, flies 


eaſily away, without ſtaying long enough to rake up any other ſalt with 
it: and therefore, if this analyſis of the ſal- armoniac could be prevent- 
ed, it ſeemed not impoſſible, that ſome part of the ſalt of tartar, as well 
as of colcothar and ſteel, might be carried up by it. And accordingly, 
having cauſed the ingredients ro be exceedingly well dried, and both nim- 
bly and carefully mixed, and ſpeedily expoſed to the fire; I have ſome- 
times had a portion of ſalt of tartar, carried up with the ſal-armoniac ; 
but this happened ſo very rarely, that I ſuſpe&ed there muſt be a pecu- 
liar fitneſs for this work in ſome parcels of ſal-armoniac, which are 
ſcarce, but by the effect, to be diſcerned from others. This, however, 
argues the poſſibility of the thing, and may ſerve to ſhew the volatilizing 
efficacy of ſal- armoniac; which is a compound that I recommend, as one: 
of the moſt uſeful productions of vulgar chymiſtry. 

But, by the way, there ſeems to be a great deal of difference between 
making a volatile ſalt of tartar, and the making ſalt of tartar volatile. It 
is very poſſible, that a man may f:om tartar obtain a volatile ſalt, and yet 
not be able to volatilize that tartareous ſalt, which has once, by incinera- 
tion, been brought to a fixed alkali. There is a way, whereby ſome chy- 
miſts obtain a volatile ſalt, from a mixture of antimony, nitre, and crude 
tartar, which, probably, comes from the latter; but experience hath aſſured 
me, that by a diſtillation ſlowly made, without any addition, very clean 
tartar, or at leaſt, the cryſtals of tartar, may, in conveniently ſhaped 
veſſels, be brought to afford a ſubſtance, which, in re&ification, will a- 
ſcend to the upper part of the veſſel, in the form of a volatile ſalt; as. 
if it were of urine, or of harts-horn : tho' this operation requires a dex- 
trous and a patient diſtiller. But to render a fixed alkali of tartar vola- 
tile, I take to be another, and a far more difficult work; for the com- 
mon proceſſes of performing it, promiſe much more than they can make 
good. Ihave convinced ſome of the more ingenuous chymiſts, that the ſubli- 
med ſalt was not indeed the alkali of tartar, but ſome what produced by the 
operation, or rather extricated out of the addition. Yet I would not be 
thought to affirm, that it is impoſlible to elevate the fixed falt of tartar. 
For ſometimes I have been able to do it, even at the firſt diſtillation, by 
an artificial addition, perhaps more fixed than it ſelf ; but thoꝰ the ope- 
ration was very grateful to me, as it ſhewed the poſſibility of the thing, 
yet the ſmall quantity of the ſalt ſublimed, and other circumſtances, kept 
me from much valuing it upon wy other account. And there are other 
ways, whereby experience has aſſured me, ſalt of tartar may be raiſed. 
And if one of them were not ſo uncertain, that I can never promiſe be- 
fore-hand, that it will ſucceed ; and the other ſo laborious, difficult 
and coſtly, that few would attempt, or be able to practice it, I ſhould, 


think them very valuable; ſince by the former, moſt part of the * ; 
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Parszcs. of tartar was quickly brought over in the form of a liquor, of a ſcent in- 
WY tolerably piercing; and by the latter, ſome ſalt of tartar of my own, be- 
ing put into a retort, and urged but with ſuch a fire, as could be given in 

a portable ſand-furnace, there remained not at the bottom near one half of 

the firſt weight ; the addition having carried up the reſt, partly in the 

form of a liquor, but chiefly in that of a white ſublimate, which was nei- 

ther ill-ſcented, corroſive in taſt, nor alkalizate, but very mild, and 

ſomewhat ſweetiſn. And I doubt not that by ether ways, the fixed al- 

kali of tartar may be elevated, eſpecially if, before it is expoſed to the 

laſt operation of the fire, it be dextrouſly freed from the moſt of thoſe earthy 

and viſcous parts, which, I think, may be juſtly ſuſpected to clog and bind 

ſuch as are truly ſaline. I ſhall only farther intimate, that even the 

ſpurious Sal Tartar, volatilized with ſpirit of vinegar, may, if well pre- 

pared, make amends for its empyreumatical ſmell and taſt; and, in ſe- 

_ caſes, be of no deſpicable uſe, both as a medicine and a men- 

ruum. 

an Repeated ſubli- There is a phenomenon, which may much ſurprize, and ſometimes 
T7 17 7 the diſappoint thoſe who deal in ſublimations, unleſs they are fore-warned of 
n.“ it. For though it be taken for granted, that by carefully mixing what is 
G ſublimed, with what remains, and re-ſubliming the mixture ; a grea- 
ter quantity of the body to be ſublimed may be elevated the ſe- 
cond time, than was the firſt; and the third time than the ſe- 
cond, and ſo on; yet I have not found this rule always to hold true; 
but in ſome bodies, as particularly in ſome kinds of dulcified colcothar, 
the ſal-armoniac would, ar the firſt ſublimation, carry up more of 
the fixed powder, than at the ſecond or third. So that I was, by ſe- 
veral trials, perſuaded, when I found a very well and highly colour- 
ed powder elevated, to lay it by for uſe, and thereby ſave my ſelf 
the labour of a proſecution, which would not only have proved uſe- 
leſs, but prejudicial. And by often returning ſal-armoniac upon 
crude antimony, though the ſublimate, obtained by the firſt operation, 
was, much of it, varivuſly coloured; yet, afterwards, the ſalt aſcend- 
ed, from time to time, gradually paler, leaving the antimony behind it: 
which way of making minerals more fixed and ſulible, I conceive may be of 
great uſe in ſome medicinal preparations. But I chiefly intend here to 
conſider, whether the preſent phenomenon may be aſcribed to the repeat- 
ed action of the fire, grinding together the bodies to be raiſed ; whence 
either the corpuſcles of the fal-armoniac, or of the other body, may 
have thoſe little hooked, or equivalent particles, whereby they take hold 
of one another, broken or worn off; and whether the indiſpoſition of 
the colcotharine or antimonial parts to aſcend, may not in ſome caſes 
be promoted by their having, from frequent attrittons, ſo ſmoothed their 
ſurfaces, that ſeveral of them may cloſely adhere, ike pieces of poli- 
ſhed glaſs, and ſo make up cluſters too uhwieldly to be raiſed, 
as the ſingle corpuſcles they conſiſt of were; which change may diſpoſe 
them to be, at once, leſs volatile, and more fuſible. And here it ay - be 
; 3 ervi- 
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ſerviceable to obſerve, that ſublimations are applicable to make very fine Parsics. 
comminutions of ſeveral bodies. That thoſe which are elevated are re . 


duced to a great fineneſs of parts, is obvious in many examples, whence 
it has been anciently ſaid, that ſublimations are the chymiſt's peſtles ; 
ſince they really reſolve the elevated bodies, into exceeding fine flower, 
and much finer than the peſtle and mortar can reduce them. But 
what I intend is, that ſometimes, even bodies ſo fixed, as not at all 
to aſcend in ſublimation, may yet be reduced, by that operation, into 
wders extremely fine. For tho' chymiſts complain much of the 
difficulty of making a good calx of gold, and of the imperfe&ion of 
the few ordinary proceſles, preſcribed to make it ; yet, we have found, 
upon trial, that by exactly grinding a thick amalgam of gold and mer- 
cury, with a competent weight of finely powdered ſulphur, we may, 
upon putting the mixture to ſublime in a conveniently-ſhaped glaſs, by 
degrees of fire, obtain a cinnabar, which will leave behind it a finer 
calx of gold, than can be had from ſome far more difficult proceſſes. 

To proceed to our fourth way. Volatility depends ſo much upon the con- 
texture of the corpuſcles, which are to be raiſed together, that even very 
ponderous bodies may ſerve for volatilizing ingredients, if they be diſpoſed 
ro faſten themſelves — tha the bodies they are to carry up along 
with them. For quickſilver, being united by amalgamation with a ſmall 
proportion of lead, will, by a moderate fire, and in cloſe veſſels be 
made to carry over with it ſome of the lead; as we have found by 
the increaſed weight of the quickſilver, that paſſed into the receiver: 
which, by the way, may make us cautious, how we conclude quick- 
filver to be pure, merely from its having been diſtilled. There re- 
mains but one body more heavy than thoſe we have mentioned, and 
that is gold; which being of a ſurprizing fixity, I do not wonder that 
the wary naturaliſts, and the more ſevere among the chymiſts, ſhould 
think it incapable of being volatilized. Yet if we conſider, how very 
minute parts gold may be rationally ſuppoſed to conſiſt of, and to. 
be diviſible into; methinks it ſhould not ſeem impoſſible, that if we 
could light on volatile ſalts, of figures fit to ſtick faſt to the corpuſ- 
cles of the gold, they would carry up with them particles, whoſe ſoli- 
dity can ſcarce be more extraordinary than their minuteneſs : and 
in effect, we have made more than one menſtruum, with which ſome 
particles of gold may be carried up. But when I employed my Men- 
ſtruum peracutum, (which conſiſts of ſpirit of nitre, ſeveral times drawn 
from butter of antimony,) I was able, without a very violent fire, and in 
a few hours, to elevate ſo much crude gold, as, in the neck of the retort, 
afforded me a conſiderable quantity of ſublimate ; which I have had, 
red as blood: and that it conſiſted partly of gold, manifeſtly appeared 
by this, that I was able, with eaſe, to reduce that metal out of it. 

But in reckoning up the inſtruments of volatilization, we mult not omit 
to mention the air; which I have often obſerved to facilitate the eleva- 
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Pnrsics. tion of ſome bodies, even in cloſe veſſels. And, though to fill theſe 
T high, be judged, by many, a ſhort method, becauſe the ſteams have 


then a leſs way to aſcend; yet frequent experience has informed me, 
that, at leaſt in ſome caſes, they take wrong meaſures, and that a large 


proportion of air, purpoſely left in the veſſels, may more than make a- 


mends for the greater ſpace, that is to be aſcended by the vapours or 
exhalations of the matter to be diſtilled or ſublimed. And if, in cloſe 
veſſels, the preſence of the air may promote the aſcent of bodies; it 
may well be expected, that the elevation of ſeveral of them may be fur- 
thered by being attempted in open veſlels, to which the air hath free ac- 
ceſs. And if we may credit the probable relations of ſome chymiſts, the 
air much contributes to the volatilization of particular bodies, which 
are barely expoſed to it. But the account on which the air, by its bare 


- 


= or peculiar operations conduceth to the volatilization of ſome 


ies, is a thing very difficult to be determined, without a due regard 
ro gravity, levity, and the conſtitution of the corpuſcles that compoſe 
the air, which I take to be very numerous, and various. 

I have hitherto generally conſidered the ſmall portions of matter, to be 
elevated in volatilization, as intire corpuſcles; but there may alſo happen 
caſes, wherein a kind of improper volatilization is effected, by making 
uſe of ſuch. additions, as break off, or otherwiſe divide the particles 
of the corpulcles to be elevated; and, by adhering to, and ſo clogging 
one of the particles, to which it proves more fit, enable the other, 
which is now brought to be more light, or diſengaged, to aſcend. Thus, 
when ſal-armoniac is well ground with Lapis Calaminaris, or with ſome 
fixed alkali, and ca as diſtillation ; the ſea-ſalt, which enters 
the compoſition of the ſal-armoniac, being detained by the ſtone, or 
the alkali, there is a divorce made between the common ſalt, and the 
urinous, and fuliginous ſalts, that were incorporated with it; and be- 
ing now diſengaged from it, are eaſily elevated. And I have obſerved, 
in human urine, a kind of native ſal-armoniac, much leſs volatile 
than that ſublimed from human blood, harts-horn, Oc: and therefore, 
ſuppoſing a ſeparation of parts may be made by an alkali, as well in 
this ſalt, as in the common factitious ſal-armoniac, I put to freſh urine 
a convenient proportion of the ſalt of pot-aſhes; and diſtilling the 
liquor, it yielded a ſpirit more volatile than the phlegm ; and of a very 
piercing taſt: which way of obtaining a ſpirit, without any violence 
of fire, and without either previouſly abſtracting the phlegm, or wait- 
ing for the fermentation of ſtale urine, I taught ſome chymiſts, becauſe 
of the uſefulneſs of ſpirit of urine, which being obtained by this inno- 
cent way, might, probably, be employed, with much leſs ſuſpicion of 
corroſiveneſs, than if quick-lime had been uſed in the operation. And 
in making ſpirit of nitre, by mixing ſalt-petre with oil of vitriol, and 
diſtilling them together ; the oil ſo divides or breaks the corpuſcles of 
the nitre, that the new diſpoſed particles of that ſalt, which amount to 


a great portion of the whole, will be made eaſily to aſcend, even with 
a mo- 
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a moderate ſand-heat, and ſometimes without any fire at all, in the form Pxrsics. 

of a ſpirit, — ſubtile, and volatile. — 
The laſt means of volatilizing bodies is, the operation of the fire, 1e noo 

or ſome other actual heat. But of this, which is ſo obvious, it were . 

needleſs to diſcourſe. I ſhall only intimate, that there may be bodies, 

which, in ſuch degrees of fire, as are uſually given in the vulgar 

chymical operations, will not riſe, may yet be forced up by ſuch 


violent and laſting fires, as are employed by the melters of ores, and * 
Ce founders of guns, and ſometimes b laſs-makers. And indeed, tho' 1 
he I here conſider volatility and fxedneſs in the popular ſenſe of thoſe at 
ch WW terms; yet if we would view the matter more ſtrictly, I preſume, we A 
re WF ſhould find, that they are but relative qualities, and to be eſtimated, eſpe- A 
ne cially the former, by the degree of fire, to which the body, whereto | 
rd WF we aſcribe one or other of theſe qualities, is expoſed ; and therefore 4: 
ſe it is much more difficult, than men are aware of, to determine accu- FD 

rately, when a body ought to be accounted volatile, and when not; 

be ſince there is no determinate degree of heat agreed on, nor indeed eaſy } 
en to be deviſed, for a ſtandard, whereby to meaſure volatility and fixed- "4 
ng neſs: and it is obvious that a body, which remains fixed in one degree f 
es of fire, may be forced up by another. Beſides, a body may paſs for ab- f 
* ſolutely fixed, among the generality of chymiſts, and yet be unable to en- EZ 
r, dure the fires of founders and glaſs- makers. Having not obſerved, that chy- # 
S, miſts had examined the fixity of other bodies than metalline ones by the by 
16 cupel, I put dry ſalt of tartar upon it; and found, that in no long time + 
TS it manifeſtly waſted in ſo vehement a heat, whilſt alſo the air came ö 7 
r freely at it. And having well mixed one ounce of good ſalt of tartar 4 
e with treble its weight of tobacco-pipe-clay, we kept them but for two 2 
2 or three hours in a ſtrong fire; yet the crucible being purpoſely left un- 4 
, covered, we found the ſalt ſo waſted, that the remaining mixture afford- 7 


us not near a quarter of an ounce of ſalt. And indeed I ſcarce doubt, 
that in ſtrictneſs, ſeveral of thoſe bodies, which paſs for abſolutely fix- 
ed, are but comparatively and relatively ſo, that is, in regard to ſuch 
degrees of fire, as they are uſually expoſed to in the diſtillations, ſub- 
limations, &c. of chymiſts. And, perhaps, even the fires of founders and 
glaſs-makers, are not the moſt intenſe, that might, poſſibly, be made in a 
ſhort time, provided only ſmall portions of matter were to be wrought 
on by them. In effect, I know very few bodies, beſides gold, that will 
perſevere totally fixed in the moſt vehement degrees of fire wherewith 
I have made experiments. And though tin is in our chymical reverbera- 
tories uſually reduced but into a calx, which is reputed very fixed ; yet 
in thoſe intenſe fires, which an acquaintance of mine uſes in his tin 
works, quantities of tin are often carried up to a conſiderable height, 
in the form of a whitiſh powder, which being in large maſſes forced off 
from the places, whereto it had faſtened itſelf, yields, by a skilful re- 
duction, great quantities of good malleable metal, that ſeems to me ra- 


ther more fine than ordinary tin. 
Ccc2 SECT. 


R ä ** 


380 VoLATILITY and FIXEDNESS, 


—_— SECT. IL 


PL mm wg Ixedneſs being the oppoſite quality to volatility, what we have diſ- 
bodies, A courſed of the former, will help to clear up the nature of the 
tter. 

The qualifications moſt conducive to render a portion of matter fixed, 
ſeem to be, 1. the groſſneſs or bulk of its component parts. 2. The 
ponderoſity or ſolidity of them. 3. And laſtly, an indiſpoſition of their 
corpuſcles for avolation, ariſing from the texture of the body. And 
from theſe cauſes or requiſites of firmneſs, may be deduced the follow- 

| ing means of giving or adding fixation to a body, which was before ei- 

| ther volatile or leſs fixed : and they are reducible to two general heads; 

| the action of the fire, as the parts of the body expoſed to it, are there- 

| by made to operate variouſly on one another; and to the aſſociation of 

| the particles of a volatile body, with thoſe of ſome proper additional 

| one. But theſe two inſtruments of fixation being general, I ſhall pro- 
| poſe four or five more particular ones. 

| 4 2 And firſt in ſome caſes, it may conduce to fixation, that, either by 

ee by means of an addition, or by the operation of the fire, the parts of a body be 

u & aber u. brought to touch each other in large portions of their ſurfaces. For, 

e. that from this contact, there muſt follow ſuch a mutual coheſion, as will 

| at leaſt indiſpoſe the touching corpuſcles to ſuffer a total divulſion, may 

| appear from the coheſion of flat pieces of marble and glaſs, and from 

| ſome other phenomena belonging to the hiſtory of firmneſs ; whence we 

| may properly borrow ſome inſtances, for illuſtration, in the doctrine of 

| fixedneſs ; ſince, an the ſame things, which make a body firm, gire 

| it a degree of fixedneſs, in —_— it from being diſſipated by the uſual 

| degrees of heat and agitation of the air. Beſides this, tis not impoi- 

| ſible, that the bare operation of the fire may, in ſome caſes, procure 

| | a coheſion among the particles, as well as disjoin them in others, and 

| thereby make them more volatile. For, as in ſome bodies, the action 

| of the fire may rub off the little hooks, that entangle them, and. make 

| it more eaſy for the corpuſcles to be diſengaged, and fly upwards; in 

others the agitation of the fire may grind their ſurfaces ſo ſmooth, as to 

| admit of a firm contact and coheſion, Thus in grinding glaſſes for te- 

| leſcopes and microſcopes, the artificer, by long rubbing a piece of glaſs 

C againſt a metalline diſh, brings the two bodies to touch one another, 

In | in ſo many parts of their 25 that they will moſt firmly adhere to 

4 one another. And if two groſſer corpuſcles, or a greater number of 

| ſmaller be thus brought to ſtick together, their aggregate will prove too 

1 heavy to fly away. And to ſhe that the fire may den a levigation in the 

F ſurfaces of ſome corpuſcles, I have cauſed Minium, and other calces to be 

melted in a vehement fire, whereby that which was before a dull and 

incoherent powder, was reduced into much groſſer corpulcles ; n 
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thoſe of fine litharge of gold: and the maſles which theſe grains com- 

ſed, were uſually ſolid, and of difficult fuſion, When we make glaſs 
of lead per ſe, it is plain, that the particles of the lead are reduced to a 

eat ſmoothneſs ; ſince whereſoever you break the glaſs, the ſurfaces 
produced will not be jagged, but ſmooth, and conſiderably ſpecular. It 
ſeems, alſo, poſlible, that even when the fire doth not make any great at- 
trition of the particles of the body to be fixed, it may yet — their 
ſticking together; becauſe it may at length, after multitudes of revolu- 
tions, and occurſions, bring thoſe of their ſurfaces to join, which by rea- 
ſon of their breath, ſmoothneſs, or congruity of figure, are fit for mutu- 
al coheſion; and when once they come to ſtick, there is no neceſſity, that 
the ſame cauſes, which were able to make them paſs by one another, 
when their contact was only in an inconſiderable part of their ſurfaces, 
ſhould have the ſame effect now, when their contact is full; though per- 
haps, if the degree of fire was much increaſed, a more vehement agita- 
tion would ſurmount this coheſion, and diſſipate, again, theſe cluſters of 
coaleſcent particles. 

Theſe conjectures will appear the leſs extravagant, if we conſider 
what happens in quick-ſilver made precipitate per ſe. For here, running 
mercury is expoſed to a moderate fire for a conſiderable time, whereby the 
parts of the mercury are variouſly agitated, and many of them made to 
aſcend ; till convening into drops on the ſides of the glaſs, their weight 
carries them down again; but at length after many mutual occurſions, and 
perhaps attritions, ſome of the parts begin to ſtick together in the form of 
a red powder, and then gradually, more and more, and mercurial particles 
are there faſtened together, till at length, all, or by much the greater part 
of the mercury is reduced into the like precipitate ; which, by this co- 
heſion of parts, being grown more fixed, will not, with the ſame de- 

ee of heat, be made to riſe and circulate, as the mercury would be- 
ore; yet I have found by trial, that with a greater and a competent de- 
gree of heat, this precipitate per ſe would, without the help of any vo- 
latilizing ingredient, be eaſily reduced into running mercury again. Chy- 
miſts, who agree in ſuppoſing this precipitate made without any addi- 
tion, will ſcarce be able to give a more probable account of the conſiſ- 
tence obtained by the mercury; wherein, ſince no body is added to it, 
there appears to be wrought none but a mechanical change. And though 
I have ſuſpected, that in philoſophical ſtrictneſs, this precipitate may 
not be made per ſe, but that ſome penetrating particles of the fire, eſpe- 
cially ſaline ones, may have aſſociated themſelves with the mercurial cor- 
puſcles ; yet, even upon this ſuppoſition, it may be ſaid, that theſe parti- 
cles contribute to the effect, but by facilitating the mutual coheſion of 
corpuſcles, that would not otherwiſe ſtick to one another. And, as 
for the generality of chymiſts, who aſſert the tranſmutation of all me- 
tals into gold, by the philoſopher's ſtone, they. muſt grant it probable, 
that a ne and fit contexture of the parts of a volatile body, may greaty 
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of their grains appearing ſmooth, glittering, and almoſt ſpecular, like Phrsics. 
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Pursics, ly contribute to render it highly fixed. For, it is averr'd by Helmon,, 
who pretended not to the elixir, that a grain of a powder, which 
was given him, tranſmuted a pound of running mercury; where the pro. 
portion of the elixir to the mercury was ſo inconſiderable, that it can- 
not reaſonably be ſuppoſed, that every corpuſcle of the quick-filyer, 
which before was volatile, became extremely fixed, merely by its cog- 
lition with a particle of the powder; ſince, to make one grain ſuffice for 

this coalition, the parts it muſt be divided into, will be ſcarce conceiva- 
bly minute; and therefore each ſingle part was not likely to be fixed itſelf; or 
at leaſt it was more likely to be carried up by the mercury, than to keep 
that from flying away: whereas, if we ſuppoſe the elixir to have made 
fuch a commotion among the corpuſcles of the mercury, as to bring 
them to ſtick to one another, it is agreeable to the mechanical doctrine 
of fixedneſs, that the mercury ſhould endure the fire as well as gold, 
on account of its new texture, which, ſuppoſing the ſtory true, appears 
to have been introduced, by the new colour, ſpecific gravity, indiſſolu- 
blity in Aqua fortis, and other qualities, wherein gold differs from mercury; 
but eſpecially malleableneſs, which uſually requires, that the parts, from the 
union whereof it reſults, be either hooked, branched, or otherwiſe adap- 
ted and fitted to make them take faſt hold of, or ſtick cloſe to one ano- 
ther. And ſince in the whole maſs of the factitious gold, all, except one 
grain, muſt be materially the ſame body, which, before the projection, 
was quick-filyer ; we ſee, how great a proportion of volatile matter may, 
by an inconſiderable quantity of addition, acquire ſuch a new diſpoſi- 
tion of its parts, as to become moſt fixed. However, this inſtance agrees 
much better with the mechanical do&rine, than with this vulgar opinion 
of the chymiſts, that, if in a mixture, the volatile part much exceeds the 
fixed, it will carry up this with it, and on the contrary. But though 
the rule holds in many caſes, where there is no peculiar indiſpoſition 
to the effect that is aimed at; yet, if the mechanical affections of the bo- 
dies be ill ſuited to ſuch a purpoſe, our philoſophical experiment mani- 
feſtly proves, that the rule is falſe; ſince ſo great a multitude of grains 
of mercury, inſtead of carrying up with them one grain of the elixir, 
are detained by it in the ſtrongeſt fire. : 
The ſecond way of producing fixedneſs, is by expelling, breaking, or 

„„ {md n otherwiſe diſabling thoſe volatile corpuſcles, which are too indiſpoſed to 

pelbag the vile. be fixed themſelves ; or are fitted to carry up with them ſuch particles 

Gile particles. as would not, without their help, aſcend. That the expulſion of ſuch parts 
| is a proper means to make the aggregate of thoſe, which remain, more fixed, 
will not want proof, if we conſider the inſtance of it in ſoot; where, though 
many active parts were, by the violence of the fire, and the current of the 
air, carried up together by the more volatile parts; yet when the ſoot is well 
diſtiu d, in a retort, a competent time being allow d for the extrication and 
avolation of the other parts, there will, at the bottom, remain a ſubſtance, 
which will not now fly away, as before. And here let me obſerve, 
that the receſs of the fugitive corpuſcles may contribute to the fixation 
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of a body, not barely becauſe the remaining matter is freed from ſo ma- Puarscs. 
py volatilizing parts, but becauſe upon their abſence, the pores or intervals, SV 


they leave behind, are filled up with more ſolid or heavy matter ; and 
the body becomes more homogeneous, cloſe and compact. And, beſides 
the expulſion of unfit corpuſcles, which may be otherwiſe diſabled from 
hindering the fixation of the maſs they ac to; it ſeems very poſlible, 
that in arm caſes they may, by the action of the fire, be ſo — as 
with their fragments to fill up the pores or intervals of the body they 
appertain d to; or may make ſuch coalitions with the particles of a con- 
venient addition, as to be no impediment to the fixity of the whole maſs, 
though they remain in it. 

The third means of fixing bodies, is, by preſerving that reſt among 
the parts, whoſe contrary is neceſſary to their volatilization. And this 
may be done by preventing or checking that heat, or other motion, which 
external agents ſtrive to introduce into the propoſed body. But this tend- 
ing rather to hinder the actual avolation of a portion of matter, or, at 
moſt, to procure a temporary abatement of its volatility, than to give 
it a ſtable fixity, I ſhall not any longer inſiſt on it. 
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The fourth way of producing fixedneſs in a body is, by putting to it , 4 frwth 
ſuch an appropriated addition, whether fixed or volatile, that the corpuſ- — 5 


cles of the body may be put among themſelves, or with thoſe of the ad- 
ded ingredient into a complicated ſtate. This being the uſual and prin- 
cipal way of — fixity, we ſhall dwell the longer upon it, and give 
inſtances of ſeveral degrees of fixation. And firſt we find, that a fixed 
addition may eaſily give a degree of fixity to a very volatile body. Thus 
_ of nitre, which will, of itſelf, eaſily fly away in the air, having its 

line particles aſſociated with thoſe of fixed nitre, or ſalt of tartar, will, 
with the alkali, compoſe a ſalt of a nitrous nature, capable of being 
melted in a crucible, without loſs of its ſpirit. And J have found that 
the ſpirit of nitre, which abounds in Aqua fortis, being coagulated with 
the filver, they corrode, and the cryſtals produced by their coalition, be- 
ing put into a retort, may be kept for ſome time in fuſion, before the 
metal will let go the nitrous ſpirit. When we poured oil of vitriol 
upon the calx of vitriol, though many particles were driven away by the 
excited heat ; yet the ſaline parts, which combined with the fixed ones of 
the colcothar, ſtuck faſt to them. And if oil of vitriol be, in a due pro- 
portion, dropp'd upon ſalt of tartar, there reſults a Tartarum Vitriolatum, 
wherein the acid and alkaline parts cohere ſo ſtrongly, that it is not 
an ordinary degree of fire that can disjoin them ; whence ſeveral chy- 
miſts have thought this compound falt to be indeſtructible. But a leſs 
heavy liquor than the oil of vitriol, may, by an alkali, be more ſtrongly 
detained, than that oil itſelf; for experience has aſſured me, that ſpirit 
of ſalt, being dropp'd, to ſatiety, upon a fixed alkali, there will be made 
fo ſtrict an union, that a ſtrong and laſting fire cannot ſo much as 
melt the mixture. 


But 
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But it is not the bare mixture of volatile particles with fixed ones, 
that will ſuffice to elevate the latter. For unleſs the figures of the lat- 
ter be correſpondent, and fitted to faſten to the other, the volatile parts 
will fly away in the heat, and leave the reſt as fixed as before. Thus, 
when ſand or aſhes are wetted with water, they quickly part with that 
water, without parting with any degree of their fixity. On the other 
fide, it is not always neceſſary, that the body, which is fitted to deſtroy, 
or greatly abate the volatility of another, ſhould be itſelf fixed. For, if 
there be a skilful coaptation of the figures of the particles of both the 
bodies, theſe particles may take ſuch hold of one another, as te compoſe 
corpuſcles, which will neither, by reaſon of their ſtri& union, be divided 
by heat, nor by reaſon of their reſulting groſſneſs be elevated even by a 
ſtrong fire, or at leaſt by ſuch a degree of heat, as would have ſuſſiced 
to raiſe more indiſpoſed bodies, than either of the ſeparate ingredients, 
In preparing the Bezoardicum Minerale; though the rectified butter or oil 
of antimony, and the ſpirit of nitre, here put together, are both diſtilled 
liquors, yet the powder, which reſults from their union, is ſo far fixed, 
that after tis edulcorated with water, tis calcined for five or ſix hours; 
which operation it could not bear, unleſs it had attained to a conſidera- 
ble degree of fixation. I here ſuppoſe, with the generality of chymiſts, 
that the addition of a due quantity of ſpirit of nitre is neceſſary to be 
employed in making the Bezoardicum Minerale. But if it be a true obſer- 
vation, which is attributed to Billichius, that a Bezoardicum Minerale may 
be obtained without ſpirit of nitre, barely by a ſlow evaporation, (made 
in a glaſs diſh,) of the more fugitive parts of the oil of antimony ; the in- 
ſtance will not, indeed, be proper in this place; but it belongs, however, to the 
ſecond: way of introducing fixity. Again, if you take ſtrong ſpirit of ſalt, 
and fatiate it with the volatile ſpirit of urine ; the ſuperfluous moiſture 
being abſtracted, you will obtain a compound falt, ſcarce, if at all, diſtin- 
guiſhable from ſal-armoniac ; and which will not, as the ſalts it conſiſts 
of, before their coalition, eaſily fly up into the air, but require a conſi- 
derable degree of fire to ſublime it. 

I lately mentioned, that the volatility of the ſpirit of nitre may ſbe 
much abated by coagulating it into cryſtals, with particles of corro- 
ded filver ; I ſhall now add, that ſuch nitrous ſpirits may be made much 
more fixed by the addition of the ſpirit of ſalt, which, if it be good, 
will, of itſelf, fume in the air. For having diſſolved a convenient quan- 
tity of cryſtals of ſilver, in diſtilled water, and precipitated them, not 
with a ſolution of ſalt, but the ſpirit of ſalt, the phlegm being abſtract- 
ed, and ſome few of the looſer ſaline particles; though the remaining 
maſs was urged with a violent fire, which kept the retort red-hot for a 
conſiderable time; yet the nitrous and faline ſpirits were not at all dri- 
ven away from the ſilver, but continued in fuſion with it; and when the 
maſs was taken out, theſe ſpirits ſo abounded in it, that it had no ap- 
pearance of a metal, but looked rather like a thick piece of horn. 
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The neat inſtance, s afprded us by chat Kind of turbith, which maf Pursics. 
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© made by oil of vitriol, inſtead; of the Aqua forts employed in 
= 7 — — 2 5 8 or E oil of vitriol be a diſtilled liquor, 
and mercury a volatile body; yet when we abſtracted four or five parts 
of ojl,of piprioh rom pre, pt, quick Ger, , and then. waſhed of as much 
as we could. ; the, ſaline particles o the, il 1 vitriol, thoſe which 
remained, adhering fe the mercury, render d it far more fixed, than ei- 


ad been; and enabled it, even in a crucible, to en- 
ith may be made with oil of ſulphur per campanam. But this 
8.40 ſh us þ operation of his alkaheſt; 
where he affirms; that this menſtruum, which is volatile, being abſtract- 
ed from running mercury, not only coagulated it, but left it 15 fixed, as 
to endure fires excited by the utmoſt force of bellows. If this be certain, 
it will not be a ſlender proof, that fixity may be mechanically produced; 
for if there remain ſome particles of the menſtruum with thoſe of the 
metal, it will not be denied, that two volatile ſubſtances may pe y 
fix one another. And even this will appear leſs improbable from 
ſome farther inſtances. Having put a mixture, made of a certain 
proportion of two dry volatile bodies, ( viz. ſal- armoniac, and very fine 
powder of ſulphur,) to half its weight of common running mercury, and 
elevated this mixture three or four times from it, the mercury, which 
lay at the bottom, in the form of a ponderous, purpliſh 2 Was, 
by this operation, ſo fixed, that it long endured a ſtrong fire, which, at 
length melted the glaſs, and kept it ſo, without forcing up the mercury; 
which, by the way, as we found upon ſome trials, ſeemed to have its 
ſalirating, and emetic powers greatly infringed, and ſometimes quite 
ſuppreſs d. In the remaining inſtances, I ſhall employ. only one menſtruum; 
oil of vitriol, and ſhey the efficacy of it, in fixing ſome parts of volatile 
bodies, with ſome parts of itſelf; by which examples it will appear, that 
a volatile body may not only leſſen the volatility of another body ; but 
that two ſubſtances, which apart were volatile, may. compoſe a third; 
which will be leſs volatile, and even conſiderably fixed. We mixed, 
by degrees about equal parts of oil of vitriol; and oil. of turpentine ; 
and though each of them ſingle, eſpecially the latter, will aſcend with 
a moderate fire, in a ſand-furnace; yet after diſtillation, we had a conſi- 
derable quantity, ſometimes a fifth or a ſixth part of a coal-black Caput 
mortuum, able to endure the fire. And to give a higher proof of the 
diſpoſition, which oil of vitriol hath, to let ſome of its parts grow fixed, 
by combination, with thoſe of an exceeding volatile liquor, I mixed it 
with an equal or double weight of highly rectified ſpirit of wine, and 
found, that the fluid parts of the mixture being totally abſtracted, there 
would remain a conſiderable quantity of a black ſubſtance, fixed to ad- 
miration. And becauſe camphire is eſteemed the moſt fugitive of con- 
ſiſtent bodies, fince being bur laid in the free air, without any help 
of the fire, it will wholly vaniſh; I tried what oil of vitriol, abſtract- 
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Puysrcs. ed from camphire would do, and found at the bottom of the retort « 


* moſt eaſily ſeparated and rarified into vapour; 


GOT greater quantity, than one would expe&, of a ſubſtance, black as Pitch, 


and wanting almoſt as much of the volatility, as of the colour of camphire; 
though it appeared not, that any of the gum had ſublimed into the neck 


of the retort. - 


From all theſe inſtances it manifeſtly follows, that, in many caſes, 
there needs nothing to make aſſociated particles, whether volatile or 
not, become fixed; but either to interweave or entangle them among 
themſelves, or bring them to touch one another in large portions of their 
ſurfaces, or by both theſe ways together, or by ſome others, to procure 
a firm coheſion of ſo many particles, that the reſulting corpuſcles ſhail 


prove too big or heavy to be driven 


fire, wherein they are fuld to be fred. 


Sir Tac Newton, ' whoſe words we can ne- 
ver uſe too much, inſtructs us, alſo, in the nature 
of e and volatility. The particles of 
« fiuids, (ſays that great philoſopher, )which do not 
« cohtre ibs Me 
< neſs, as renders them moſt ſuſceptible of thoſe 
« agitations, which. keep liquors in a fluor, are 


and in the language of the chymiſts they are 
volatile, rarifying with an eaſy heat, and con- 
denſing with cold; But thoſe which are groſ- 
« ſer, and ſo leſs ſuſceptible ot agitation, or co 
« here by ſtronget attractions, are not eee 
« without a ſtronger heat, or perhaps not without 
« fermentation. And theſe laſt are the bodies 
** which chymiſts call fix d; and being rarified b 

« fermentation, become true permanent air: thoie 
particles receding from one another, with the 
cc greateſt force; and being moſt difficultly 
brought together, which upon contact, cohere 
« moſt ſtrongly. And becauſe the particles of 
4 e air are groſſer, and ariſe from den- 
s ſer ſubſtances than thoſe of vapours; thence it is 
« that true air is more ponderous than vapour; and 
s that a mioſt atmoſphereis lighter than a dry one, 
« quantity for quantity”. Newton. | Optic, p. 371, 
371. Henee eaſily ariſes a rational account ot thoſe 
tvro chymical operations, diſtillation and ſublimari- 
on, which Sir Iſaac Newron thus delivers. When 
oil of vitriol is mixed with a little water, or 


js run per deliquium, and, in diſtillation, the wa-“ 
* ter aſcends difticultly, and brings over with it 


1 ſome part of the oil of vitridl, in the form of 
« ſpirit of vin iol; and this ſpirit being poured 
0 upon iron, copper, or {alt of tartar, unites with 
* the body, and lets go the water; doth not this 
« ſhew that the acid ſpirit is attracted by the wa- 
« ter, and more attracted by the fixed body than 
**, by, the, water, and therefore lets go the water 
to c'o'e with the fixed body? And is it not 


ongly, and are of ſuch a ſmall- 


up into the air, by that degree of 


« ſpirits, which are mixed t in vinegar, 
Aqua fortis, and ſpirit of falt, cohere and riſe 
© together in diſtillation; but it. the menſtruum 
be poured on falt of tartar, or on lead, or iron, 
or any fix'd body which it can diſſolve the a. 
« cid'by a-ſtr atrraction adheres to the body 
and lets go the water? And is it not alſo from 
* a mutual attraQtion, that the ſpirits of ſoot and 
« ſea-falt unite and compoſe the particles of fal- 
% armoniac, which are leſs volatile than before, 
* becauſe groſſer and freer from water; and that 
the particles of ſal· ar moniac, in ſublimation, 
* carry up the particles of antimony, which wil 
te not lublime alone; and that the particles ot 
mercury uniting with the particles of acid ſp- 
« rit of ſalt, compoſe mercury ſublimate, and 
% with the particles of ſulphur. compoſe cinna- 
bar; and that the particles of ſpirit of wine and 
« ſpirit of urine, well rectified, unite,” and letting 
go the water that diſſolved them, compole a con- 
« {iſtent body; and that in ſubliming cinnabar from 
falt of tartar, or from quick-lime, the ſulphur, 
« by a ſtrong attraction of the ſalt or lime, lets 
go the mercury, aud ſtays with the fixed bod); 
and that when mercury ſublimate is ſublimed 
from antimony, or from regulus of antimony, 
the ſpirit of ſalt lets go the mercury, and unites 
« with the antimonial metal, which attracts it 
more ſtrongly, and ſtays with it till the heat 
* eat enough to make them both aſcend to- 
gether, and then carries up the metal with it 
« in the form of a very fulible ſalt, called butter 
a of antimony, though the ſpifit of falt a one be 
-** almoſt as volatile as water, and the antimo- 
ny alone as fix d as lead? -- When arſenic 
« with ſoap gives a Regulus, and with mercu- 
« ry fublimate, a volatile fuſible ſalt, like butter 
* of antimony, doth not this ſhew that arſenic, 
& which is a ſubſtance totally volatile, is com- 
nded of fix'd and volatile parts, ſtrongly co- 
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« [atile will not aſcend without carrying 
« fixed? And ſo when an equal weight of ſpirit 
« of wine, and oil of vitriol are digeſted toge- 


« andabounding much in the bowels of the earth. 
“ and particularly in marcaſites, unites itſelf to 


« ther, and in diſtillation yield two t and\** the other ingredients of the marcaſite, which 


« yolatile ſpirits, which will not mix with one 
« another, and a fixed black earth remains behind; 
« doth not this ſhew that oil of vitriol is com- 
« poſed of fix d and volatile parts ſtr 


© are bitumen, iron, and earth; and with them 
compounds alum, vitriol, and ſulphur; with 
the earth alone. it compounds alum ; with the 


y united metal alone, or metal and earth together, it 


« by attraction, ſo as to aſcend t in the compounds vitriol; and with the bitumen and 
« form of a volatile and fluid ſalt, till the ſpirit|* carth, it compounds ſulphur. Whence it 
« of wine attracts and ſeparates the volatile|** comes to paſs, that marcaſites abound with 
« parts from the fixed? And therefore, fince|* theſe three minerals. And is it not from the 
« oil of ſulphur per campanam is of the ſame|* mutual attraction of the i ients, that they 
« nature with oil of vitriol, may it not be in-“ ſtick together for compounding theſe minerals; 
« ferr'd, that ſulphur is alſo a mixture of vo-! and that the bitumen carries up the other in- 
« latile and fix d parts, ſo ſtrongly cohering by] gredients of the ſulphur, which without it 
« attraction, as to aſcend together in ſublima-|* wou'd not ſublime? And the fame queſtion 
« tion? By — flowers of ſulphur, in oil“ may be put concerning all, or almoſt all the 
« of turpentine, diſtilling the ſolution, tis“ groſs bodies in nature. For all the parts of 
found, that ſulphur is compoſed of an inflam-|** vegetables and animals are compoſed of ſub- 
« mable thick oil or fat bitumen, an acid ſalt, al“ ſtances volatile and fixed, fluid and ſolid, as ap- 
very fix d earth, and a little metal. The three“ pears by their analyſis : and fo are ſalts and 
« firſt were found not much unequal to one an- minerals, as far as chymiſts have hitherto been 
« other, the fourth in an almoſt inconfiderablej* able to examine their compoſition, Newton. 
« quantiry, The acid falt diſſolved in water, is|Opric. p. 356360, 
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up the} “ the ſame with oil of ſulphur per campanam, Paysics. 
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haps not the thouſandth part of the univerſe, yet known to us, is 
formꝭ d into ſolid bodies; and conſequently all the reſt is made up of 

celeſtial fluids, and the atmoſpheres of ſolids ; and theſe fluids may, 
poſſibly, have diſtin& ſurfaces : whence, to obſerve and conſider the effects of 
the agreement and diſagreement which ſuch fluids, as fall under ſenſible 
obſervation, have, when contiguous to one another, or to the ſurfaces of 
ſolids, may chance to illuſtrate the formation of thoſe great maſſes of 
matter, w which the divine archite& has form'd the parts of the uni- 
verſe. I ſhall here therefore nakedly propoſe the experiments I have 
_ with relation to this matter ; leaving it to others to reaſon upon 
them. 

1. Having poured a menſtruum made of fixed nitre, diſſolved by the 
moiſture of a cellar, into a glaſs- pipe, ſealed at one end, and not a 
quarter of an inch in diameter ; that the concave ſurface of the fluid 
might be the more conſpicuous; we gently poured on it ſome highly rec- 
tified ſpirit of wine, which we knew: would not mix with, but ſwim 
above it; and preſently, found the figure of the ſurface of the lower li- 
quor changed, and the cavity quite deſtroyed ; the ſurface, which ſeem- 


ed, as it were, common to the two contiguous liquors, appearing flat or 


horizontal. And ſuch a level ſuperficies we had, by putting theſe two 
liquors together in a much wider glaſs. | 
2. By employing oil of turpentine, inſtead of the ſpirit of wine, the 
liquor almoſt loſt its concavity. 
. But common water, being put inte the pipe, retain'd its concave 
ſarface, though we added to it ſome oil of turpentine, and left it long 


to —_—_ _ 1 being we MES 
4. oil of gum gua jacum, being poured into a ſlender 
ound the upper ſuperſicies of it concave ; like that which 

water 


pipe, we 
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water would have had in the ſame tube. Burt — a little water upon Parses. 


this oil, it preſently changed the figure of its ſurface, which then became 


viſibly convex. | 

5. Having put ſome oil of tartar into the pipe, and added ſome drops 
of the oil of guajacum to it; this liquor did not manifeſtly alter the con- 
cave of the ſurface of the alkaline liquor, as the oil of turpentine 
had done. And having warily poured a little water upon the oil of gua- 
jacum, the upper ſuperficies of it changed preſently from concave to con- 
vex, ſo that this oil, in the midſt of the other two liquors, appeared like 
a little red cylinder ; which, inſtead of having circular baſes, was protu- 


| berant at both ends; but moſt at that which touched the oil of tartar. 


6. Some eſſential oil of cloves being put into a new ſlender pipe, and ob- 
ſerving it to be ſomewhat concave at the top, where it was contiguous 
to the air, we added a little common water to it, and found the ſurface 
of the oil alſo to be tumid. And in regard this liquor, as well as the 
fore-mentioned oil of guajacum, tho it were ſo heavy as to ſink in the 
water, would not do ſo in deliquated fal: of tartar, we did, into another 
lender pipe, put firſt ſome of this laſt named liquor, then ſome of the 
aromatic oil; and laſtly, a little common water ; and found that the 
little cylinder of oil, appeared conyex at both ends; but more ſo at the 
upper, where it was contiguous to the water. 

7. Into a little ſlender glaſs, that was much longer, but of like bore 
with the former, we put a ſmall quantity of quick- ſilver, and having ta- 
ken notice, how the upper ſuperficies ſwelled in the middle, above the 
level of the parts, where it touched the glaſs, we poured ſome water 
upon it, and found a manifeſt and conſiderable depreſſion of the ſur- 
face, tho" the protuberance were not quite depreſſed. 

8. This experiment having been frequently repeated, ſometimes it 
ſeemed, that when the aqueous cylinder was much longer, the depreſſion 
of the mercurial ſurface was ſomeyhat greater. But this did not con- 
ſtantly happen. We often obſerved, that, tho' a very little water ſuffi- 
ced, by its contact, manifeſtly to abate the protuberance of the quick- 


filver ; yet it had not the ſame effect on that ponderous fluid, as 


when, being increaſed almoſt 'as high as the length of the pipe would 
permit, a greater weight of it was incumbent on the mercury; for then I 
manifeſtly perceived, that the ſurface of the quick-ſilver, being depreſſed 
almoſt to a level, in thoſe parts of it which were near the inſide of the 
glaſs, there was, about the middle of the ſurface, an elevation of the 
mercury, that appeared to be rather more than an hemiſphere, and 
role to the height of its full ſemi-diameter above the reſt of the 
mercurial ſurface ; and in that ſtate it continued as long as I thought fit 
to let it. And leſt this trial ſhould impoſe upon me, I cauſed it to be 
more than once repeated. I afterwards cauſed the incumbent water, to 
be ſucked up by degrees, and found, that when the incumbent water be- 
gan to be too much ſhortened, the little ſegment of the ſphere, began to 
ve ſomeyrhat flattened, and ſubſided more and more, as the water was 
taken off, | 9. Having 
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9. Having conveyed two ſlender pipes into a pneumatical receiver, one 
of them furniſhed with common water, and the other with quick-filver, we 
cauſed the common air to be well exhauſted, without obſerving any ſenſi- 

ble change in the concave figure of the water: but as for the quick-ſilver, 
I knew not what to conclude about it. For having repeated the trial twice 
or thrice, it ſometimes ſeemed manifeſtly ro be more protuberant upon 
the exhauſtation of the receiver, than when it was put in; eſpecially when 
its figure was attentively viewed, and the external air ſuffered to re-enter 
with all convenient celerity. But that which yet kept me doubtful 
was, that I obſerved, upon taking off the air's preſſure from the 
quick- ſilver, there diſcloſed themſelves ſome little bubbles, which, I fear- 
ed, we had not been able to free it altogether from, and which might 
be ſuſpected to have ſome intereſt in the phenomenon. We alſo con- 
veyed into our receiver, a clear chymical oil, heavier than water, and 
whilſt it was contiguous to that fluid, it had a convex ſurface; alſo having 
placed the pipe furniſhed with both liquors inthe n we 
pumped out the air, without finding that the oil ſenſibly altered its protu- 
berant ſurface, as neither did the water loſe the concave figure of its up- 
per ſuperficies. 

10. I took fixed nitre, (or ſalt of tartar) reſolved, per deliquium, into a 
tranſparent liquor; and having half filled a clear vial with it, I poured 
on it a convenient quantity of vinous ſpirit exactly rectiſied, that no 
phlegm might occaſion an union betwixt the two liquors, which ought, as 
ours did, to retain diſtin& ſurfaces, and ſoon regain them, tho' the glaſs 
were well ſhaken, Then having found by trial, that common oil of tur- 
pentine, if employed in a competent quantity, will not totally diſſolve in 
ſpirit of wine; and having alſo obſerved, that if this ſpirit of wine be ex- 
quiſitely rectified, the oil will ſink in it; I warily let fall ſome drops of the 
oil into the ſpirit, and they fell towards the bottom of the glaſs, till their 
deſcent was ſtopped by the horizontal ſurface of the alkalizate liquor. And 
becauſe my deſign was chiefly to obſerve the ſuperficial figure of a fluid, 
encompaſled by other fluids, without touching any ſolid ; I ſhall here take 
notice of the chief phenomena, which were produc'd of that kind. 

Firſt then, if the oily drops were but ſmall, they ſeemed to the eye, ex- 
actly ſpherical. For the oil differing but very little in ſpecific gravity 
from the ſpirit of wine, the drops did but juſt touch the ſurface of the ſub- 
jacent alkali; and the ſame drops being ſo ſmall, their own weight was 
not great enough viſibly to depreſs them, and hinder that roundneſs, 
which tlie preſſure of the ambient ſpirit, or their own viſcoſity, endea- 
voured to give them. Secondly, If an aggregate of drops were confidera- 
bly bigger than the former, it would manifeſtly reſt upon the alkalizate 
liquor, as upon a plain, and appear ſomewhat elliptical; the weight of the 
upper parts depreſſing the drops, and making the horizontal diameter 
ſomewhat longer than the tranſverſe. Thirdly, If a yet greater propor- 

tion of oil were let fall upon the heavy liquor, it would for a pretty 
while, appear in the form of an imperfe& hemiſphere, or ſome other —— 
7 ſection 
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ſection of a ſphere ; the lower part being cut off by the horizontal furface Parsics. 
of the diſſolved ſalt. But, Fourthly, if the quantity of oil were not too WY 
great, it was pretty to obſerve, that tho" at firſt putting in, it did, per- 


haps, ſpread it ſelf over the ſubjacent liquor, and lie as it were flat upon 
it; yet it would gradually, by the action of the ſurrounding fluid, con- 
curring with its on tenacity, be raiſed above the ſurface of the liquid 


nitre, and be reduced to the figure, either of an hemiſphere, or of a greater 
| ſegment of a globe, or of an imperfed ellipſis, according to the bulk or 
weight of the oil. Fifthly, Tho 


theſe globules of oil, often readily mix- 
ed, when they touched one another ; yet ſeveral times we were able to 


wake them touch without uniting, whence we have cauſed them ſo to bear 
' againſt one anothers ſurfaces, as manifeſtly to preſs them inwards ; tho” 


being parted, they would preſently reſume their former figure. But in 
caſe any of theſe oily portions came, by a more preſſing contact, to be 
united, they would then alter the figures they had whilſt ſeparate, and 
take another ſuitable to the bulk of the aggregate. Sixthly, if, when a 
large portion of oil reſted upon the ſaline liquors, the ambient 
ſpirit was moderately and warily agitated, it was pleaſant to ſee the va- 
rious figurations, which the convex part of the ene of the globe 
would be put into by the ſhakes, without any viſible ſolution of continui- 
ty, or conſiderable motion of the whole body, which would very ſoon re- 
cover its former figure. Burt if the agitation were too ſtrong, lome por- 


tions would be quite broken off, and preſently turned into little globes. 


11. I tried to produce another phenomenon, by putting together, in a 
large veſlel, with other . er two oils (one whereof was from turpen- 


tine) which, by reaſon of the oleaginous nature, wherein they agreed, 
might exactly mix and make a compound liquor; and, one being 


heavier, and the other lighter in ſpecie than the water employ d, might be 
again ſeparated thereby, and include betwixt them the liquor, which had 
divided them. But I found that the oils, being once united, would not 
eaſily be parted ; but, according to the prevalence of the lighter or_hea- 
vier ingredient, in the mixture, the. compound oil would almoſt totally, 
either emerge to the top of the water, or lie beneath, at the bottom of it: 
but ſome part of the oil, which was not, perhaps, all uniformly mixed, 
did not keep in a body with the reſt ; but was either ſeparated from the 


| mals in the form of globules, or ſticking to the ſide of the glaſs, had the 


other part of its ſuperficies, which was contiguous to the water, very va- 


riouſly figured, according as the bulk and degree of gravity of the adher- 


ing oil, and other circumſtances determined. 
Theſe are ſome of the phenomer a I obſerved in oil of turpentine, when 


inviron'd only with fluids; but if it were permitted to be contiguous to the 


inſide of the glaſs, and ſo to faſten part of it's ſurface toa ſolid, the greater 
portion of the ſurface, which remained expoſed to one or both of the con- 
Ugoons liquors, would, partly by their action, and partly by the gravity 
of the oil it ſelf, be put into figures ſo various, and ſometimes. ſo extra- 
ragant, that it was much more pleaſant to behold them, than it would be 


y to deſcribe them. 12. Con- 
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12. Confined fluids may have diſtin& ſurfaces, without having, at 


Lo leaſt in many poſitions, reftactions differing enough, or reflections ſtrong 


enough, to make the plain which ſeparates them, obvious to the eye, 
Thus when the oil of tartar, or the nitrous alkali, which I employed, hap- 
pened to be clear and colourleſs, I have, more than once, made highly 
rectiſied ſpirit of wine float upon it ſo, that in moſt poſitions, the vial 
ſeemed to contain but one uniform liquor; the plain that divided the two 
flaids, being unapt to be diſcerned but in a poſition, wherein the rays of 
light, paſſing from thence to the eye, fell very obliquely on it: and indeed, 
when there was no little duſt or other feculency, ſwimming upon the ſur. 
face of the oil of tartar ; I cou'd ſcarce convince ordinary ſpectators, 
_ the vial, in two diſtinct regions of it, contained two unfociable 

I We took a diſſolved alkali, made of nitre and tartar, and deeply 
tinged it with cochineal ; and that the liquors might not only be hetero- 
geneous, bur as differing in gravity and denſity as poſſible, we poured 
thereon a peculiar kind of oil, lighter than ſpirit of wine; and holding 
the plain, where the two liquors were contiguous, in a convenient poſi- 
tion, in reſpect of the light and the eye, I obſerved it to make a ſtrange- 
ly vivid reflection of the incident rays; ſo that this phyſical ſur- 
ace, which was flat, looked almoſt like that of quick-ſilver; and when 
I viewed it by the light of a candle, the bright figure of the flame was 
ſtrongly reflected, almoſt as from a cloſe ſpecular body ; which tempted me 
to ſuſpect, that there might be ſomething elſe, beſides the bare ſmoothneſs 
of the ſurface of the alkalizare liquor to produce fo brisk a reflection; 
and the rather, becauſe I did not obſerve, that the remains of the ſame 
tinged alkali, which I kept in another glaſs, nor a portion of the ſame oil, 
which I had alſo by me, in a ſeparate vial, afforded ſo vivid a reflection 
from its ſurface : tho* I the leſs wondered at this, becauſe of the great 
diſpoſition to refle& light, which I had formerly obſerved in the fore-men- 
tioned oil, when joyned with other liquors. And looking on this fluid, 
as a body which, tho' it hath all the neceſſary qualities of an oil, does, 
in regard of its origin, and ſome properties I have found in it, differ 
from common chymical oils ; I was invited the more to obſerve its pheno- 
mena, with regard to reflection: and I found, 1. That the confining 
plain, between the tinged alkali and this liquor, did not appear red, it 
ſelf, nor communicate that colour to the image of the flame of a candle, 
reflected from it. 2. That when I warily ſhook the containing 
vial, the upper liquor would be reduced into a ſeeming froth; conſiſting 
of a great number of imperfectly globular bodies, that, after 4 while, 
would make a kind of rude phyſical plain; which, tho” neither horizon- 
tal, nor ſenſibly ſmooth, would, at its upper ſuperficies, ſend back the 
incident light with more briskneſs, than one could expect. And when 
the ſeeming ſroth conſiſted of ſmaller particles, theſe, wheti- they were 
of a certain ſize, and conveniently placed, with regard to the flame 


of the candle and the eye, would, reflect the incident light ſo many worn. 
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and ſo viſibly, that they ſeemed, for multitude and ſplendor, like little Pays1cs, 
ſparkling corpuſcles of poliſhed ſilver. Thirdly, that tha” pure ſpirit of Ss — 


wine be ſo thin a liquor, and our oil ſo light, as to ſwim upon it; yet 
J found the confining ſurface very ſtrongly reflective. I have alſo found, 
that ſome other eſſential oils, and particularly an unſophiſticated one of 
lemmecns, did, with our tinged alkali, afford moſt of the ſame phenomena, 
but not ſo brisk a reſlection. 

14. In cold weather we took eſſential oil of aniſeeds, whoſe property 


it is to coagulate in ſuch weather, and having, in a gentle warmth, 


brought it to be fluid, we poured it into a (lender vial more than half 
filled with common water, which had been, alſo, a little warmed, that 
the oil might not be too haſtily reduced to its former ſtate. This oil be- 
ing lighter than ſo much water, and being poured on in a convenient 
quantity, had its upper ſurface ſomewhat concave, as that of the water 
was; but the lower ſurface, ſorrounded by the water, was very convex, 
appearing almoſt of the figure of a great portion. of a ſphere. This be- 
ing done, the vial was ſtopped, and ſuffered to reſt, for ſome time, 
in a cold place; by which means, the water continuing fluid as before, 
the oil was found coagulated in a form, approaching to that it had whilſt 
in a fluid ſtate. It is worth obſerving how great a difference there was 
between the dull reflection it made, when coagulated, and the fine one it 
had made, whilſt a liquor. | 

15. Having obſerved, that om and rectiſied Oleum Petræ, are, 
the former of them the heavieſt, and the latter the lighteſt of all the vi- 
ſible fluids yet known to me; I put ſome diſtilled quick-ſilver into a 
ſmall vial, and held it in ſuch a poſture, that the incident light was 
ſtrongly reflected to my eye; I then ſlowly put to it ſome Petrelæum, 
which being well rectified was very clear; and obſerved, that as this li- 
quor covered the quick-ſilver, there was at the imaginary plain, where 
they both joined, a brisker reflection, than the quick-filver alone had gi- 
ven before. On this occaſion it will not be amiſs to take notice, that 
either the ſurface of the air itſelf, as thin and yielding a fluid as it is, 
or the ſurface of a ſolid, contiguous to included air, or ſome interpoſed 
ſubtile matter, may refle& the incident rays of light, more ſtrongly, than 


moſt men would expect. A curious perſon [r day brought me 


two pieces of a ſolid, tranſparent body, which he had caſually found, in 
one of which there was a pearl, large, round, and orient ; and in the o- 
ther one leſs perfect; one of them was opened, when that which had 
appeared a pearl, was found to be but a cavity, which contained no 
groſſer a ſubſtance than air. And I have by me, a well-ſhaped piece of 
thick glaſs, with an aerial bubble in the middle, which by ſome quali- 
ties, particularly its pear-like ſhape, and vivid reflection, well reſembles 
2 fair, tho' not orient pearl. But in ſuch obſervations, the poſition 
of the eye, and that wherein the body receives the rays of light, may 
be very conſiderable. For I have a ſmall ſtone, that being laid flat upon 
one's hand, or a piece of paper, and looked on directly downwards, ap- 

Var. I. | Eee | pears 
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Paysrcs. pears almoſt like a piece of common glaſs, and is tranſparent ; but if the 
CG eye be ſo placed, that the incident rays of light, by whoſe reflection it 


is ſeen, fall with a convenient degree of obliquity upon the ſtone, it 
makes an exceeding pretty ſhew ; ſometimes appearing like a fine opal, and 
ſometimes not very unlike an orient pearl. | | 

16. Having prepared a competent quantity of a reſinous ſubſtance, 
which looked like high-coloured amber, but was eaſy to melt ; we put 
it into a deep round glaſs, with a wide mouth, and held it by the fire-ſide, 
till it was brought into a fluid ſtate ; then we transferred it into a pneu- 
matical receiver, where we preſumed, that this temporary liquor, would 
diſcloſe aerial bubbles, when the preſſure of the air was withdrawn from 
it; and, accordingly, having cauſed the air to be pumped out by degrees, 
we found numerous bubbles appear at the top of the liquor, where 
they made a great froth; many of them being, by reaſon of the viſco- 
ſity of the fluid, very large, and ſeveral of them adorned with the 
colours of the rain-bow. I. cauſed the pumping to be continued, that 
thoſe bubbles, which had moſt common air in them, and which, therefore, 
riſe firſt, might get to the top, and the ſubſequent bubbles might meet 
with more reſiſtance from the liquor ſtill tending to grow cold, and fo 
be the more expanded, and yet kept from emerging, by the con- 
cretion of the reſinous ſubſtance; and anſwerably to this, we found, that 
when the ſubſtance had reſumed its conſiſtent form, there were intercepted, 
between the upper and lower ſurfaces of it, ſome bubbles, which were 
not ſmall, yet made a conſiderable reflection; notwithſtanding the ſmall 
quantity of the groſſer particles of the air, that may be ſuppoſed to be 
contained in bubbles ſo very much expanded. | 
17. It is taken for granted, that the falling drops of rain are ſpheri- 
cal, yet their deſcent is ſo ſwift, that I fear, this is rather ſuppoſed, 
than obſerved ; which will be more queſtionable, if hail be but rain fro- 
zen, in its paſſage through the air. For it is evident, that the grains of 
hail are, frequently, of other figures, than truly orbicular. But the 
ſurface of water may have different figures, accordingly, as it is to- 
rally encompaſſed with heterogeneous fluids, or as it is only in ſome 
places, contiguous: to one or more of them. In the former caſe, we 
found it not ſo eaſy to make an obſervation, becauſe, we know not 
of any two liquors, (Iexcept mercury) which will not mix either with one 
another, or with water. We, therefore, cautiouſly conveyed into chy- 
mical oil of cloves, ſome portions of common water of different ſizes; 
taking care, that they might not touch one another; by which means, 
the oil being tranſparent, and yet ſomewhat coloured, it was eaſy to 
obſerve, that the ſmaller portions of water, were ſo near totally inviron- 
ed with the oil, as to be reduced into almoſt perfe& globes ; thoſe por- 
tions, which were ſomewhat bigger, would be of a figure ſome what ap- 
proaching to that of an ellipſis, and thoſe, which were yet larger, tho 
they ſeemed to be ſunk: almoſt totally beneath the oil, yet they held to 
it by a {mall portion of themſelves, whoſe ſurface was eaſily cler, 


* 


_» M' pm 


„ WW WW -M WW 


= RO. 


The ſuper jicial Figures of Fluids. 


395 


able from that of the oil. Theſe larger portions of immerſed water, be- Parsics. 
ing almoſt wholly invironed with the other liquor, were by it reduced WV — 


into a round figure, which was ordinarily ſomewhat elliptical ; but more 
depreſſed in the middle, than that figure. 

18. Having into a ſlender pipe put a little oil of cloves, and upon 
this ſome oil of turpentine, ſo that the water might, both above and be- 
neath, be touched by heterogeneous liquors ; | I obſerved not the oil of 
cloves to be very manifeſtly tumid at the top, nor the lower ſurface of 
the oil of turpentine to be very convex ; from whence *ris eaſy to 
determine, the figure of the cylindrical portion of water, intercepted 
between the two oils. SE 

19. I took oil of aniſeeds, thawed by a gentle warmth, and common 
water, and having put them together, in a conveniently-ſhaped glaſs, 
they were ſuffered to ſtand in a cold place, till the oil was coagulated ; 
which done, it was parted from the water, and, by the roughneſs of its 
ſuperficies, manifeſted, that, when its parts were no longer agitated, 
and kept eaſily moveable, by the ſubtile permeating matter, or whatever 
other agent or cauſe it was, to which it owed its fluidity, the contiguous 
water grew unable to inflect, or otherwiſe place them after the manner 
requiſite to conſtitute a ſmooth ſurface. And what happened to that 
part of the oil's ſurface, which was touched by the water, happened alſo 
to that, which was contiguous to the air; only the aſperity of the latter 
ſurface differ d from the other; which, whether it were an accidental, or 
conſtant phenomenon, farther trial muſt determine. But I have often ob- 
ſerved, that the upper ſurface of oil of aniſeeds, when this liquor comes 
to be coagulated by the cold air, was far enough from ſmooth ; bein 
render'd very rugged by many flaky particles, ſome of which lay wit 
their broad, and others, with their edged parts upwards. 

20. An inequality and rupgedneſs of ſuperficies I have alſo obſerved in 
water, when, having covered it with chymical oil of juniper, and ex- 
poſed it in very cold weather; for, though the oil continued fluid, yet the 


water, being frozen, had no longer a ſmooth ſuperficies, as whilſt, in its 


liquid ſtate, it was contiguous to the oil. And the like inequality, or 
rather a greater, we obſerved in the ſurface of water frozen, which 
had chymical oil of turpentine ſwimming over it; yet a greater rough- 
neſs may be often obſerved in the ſurfaces of ſeveral liquors, which 
abound with water, when thoſe liquors, being frozen, their ſurfaces have 
an immediate contact with the air. Having purpoſely cauſed a ſtrong 
and blood-red decoction of wood-ſoot to be expoſed in a large glaſs, 
in a very cold night; I found in the morning, a cake of ice, which was 
curiouſly figured, _ full of large flakes, ſhaped almoſt like the broad 
blades of daggers, and neatly fringed at the edges. But theſe figures 
ſeem to be, as it were, imboſſed; being, both to the eye and the touch, 
raiſed above the horizontal plain of the other ice. 

21. I have ſometimes obſerved the like phenomenon in one and the ſame 


liquor and particularly not long ſince, in froſty weather, in a vial, 
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Parsics. Where I had long oe oil of vitriol, I perceived, that the cold had re- 

AV duced far the greateſt part of the menſtruum into a conſiſtent maſs, whoſe : 
upper ſurface was very rugged, and oddly figured, though it lay covere,, 
all over, with a pretty deal of a high coloured liquor, which was not fro. 
zen, 5 — nor ſeemed diſpoſed to be ſo, at leaſt in that de- 

of cold. | 

pn This may be alſo obſerved in the beſt ſort of what the chymiſts 
call Regulus Martis ſtellatus, where the figure of a ſtar, or one ſomewhat 
like that of the decoction of ſoot, lately mentioned, will frequently 
appear imboſſed upon the upper ſuperficies of the regulus; and ſuch a 
raiſed figure I have ſeen on a maſs of regulus, made of antimony, with- 
out iron. But if to thoſe two bodies, copper alſo be skilfully added, 
the ſuperficies will be often adorned with new figures, according to the 
circumſtances ; tho the moſt uſual I took notice of was that of a net, 
which ſeemed to cover the ſurface of the compounded regulus. This, 
however, is not ſo conſtant, but that 1 have by me a maſs of a conical 
figure, conſiſting of two very contiguous, but eaſily ſeparable parts, 
the lowermoſt whereof, which abounds more in metal, hath its upper 
ſurface covered with round protuberances, in ſhape and bigneſs, like 
ſmall peaſe cut in two; and theſe are ſo really imboſſed, and elevated 
above the reſt of the ſuperficies, that the other part of the cone, which 
is of a more ſcorious nature, has, in its lower ſurface, which exa&- 
ly fits the upper of the regulus, cavities, for number, ſhape, and ſize, 
anſwering to the protuberances ; which argues, that the regulus 
cooled firſt, with that inequality of ſurface, we have deſcribed ; and 
that the lighter, and more droſſy ſubſtance, continuing longer fluid, had 
thereby an opportunity to accommodate itſelf to the ſuperficial figure 
of the regulus, on which it firſt reſted, and afterwards coagulated. 
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$ECT. 1 


HAT fluids ſhould ſend out exhalations, will, I preſume, be 
i readily granted, eſpecially conſidering the ſenſible evaporation of 
water, wine, Oc. and the looſe contexture of parts neceſſary to 
compoſe ſoft bodies; but that hard, and ponderous ſubſtances, likewiſe, 
emit ſteams will, perhaps, require to be proved. But though we might 
2 both from the Epicurean and Carteſian DR ſhew, that con- 

ent bodies are exhalable; it will be more ſatisfactory and uſeful 
to do it 4 poſteriori, by particular experiments and _—_— 

That a dry and conſiſtent form does not infer an indiſpoſition to yield g m4 
effluvia, is evident in all the aromatics, and perfumes, but more eſpe- ub 
cially in camphire, and ſuch volatile ſalts, as are obtained from harts- 
horn, blood, Cc. for theſe are ſo fugitive, that I have had a lump of 
volatile ſalt fly away, without leaving a grain behind; and I found, that 
a ſmall piece of camphire would, in a few hours, ſuffer a viſible loſs of 
weight, by the avolation of ſcented corpuſcles ; tho” the experiment was 
made in a north window, and in the winter ſeaſon. But if inſtances. 
are required from bodies of a cloſe and ſolid texture, I have found, that 4:4 «we of - 
many electrical bodies, ſuch as amber, roſin, brimſtone, Cc. when they n- e 
are well rubbed, part with numerous corpuſcles ; and the common expla- 
nation of the attraction of ſuch bodies, ſuppoſes the emiſſion of corpo- 
real particles. I have found ſeveral fruits, @c. even in winter, grow 
daily lighter in the ſcales, wherein 1 kept them, noting their decreaſe of 
weight; but to ſhew, how conſiderable an evaporation is made from 
wood, I cauſed a thin cup, that would hold a pint, to be turned, of a 
ſort of it that was not very cloſe, from which, in the winter, there 
was ſo quick and plentiful an evaporation, that I found it no eaſy 


matter to counterpoiſe it ; for whilſt grains were putting into the * 
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Parncs. lite ſcale, the great avolation of inviſible teams would make the ſcale 
that held it, ſenſibly too light. For farther ſatisfaction, 1 ordered 
a bol, about the ſame bignels with the former, to be made of well 

Teaſoned wood, which, being ſuſpended, in my chamber, quickly began 
to loſe of its weight; and though the whole veſſel weigh'd but an ounce 
and three quarters, yet from ten a-clock in the morning to ten at 
night, it loſt about forty grains.“ And it were eaſy to multiply in- 
ſtances of the continual exhalation of ſteams from vegetable and animal 
ſubſtances ;_ but ſince thoſe ſubſtances are the moſt unlikely to afford ef- 
fluyia, that are either very cold, or very ponderous; very ſolid and 
hard, or very fixed; if I can ſhew, that theſe qualifications cannot keey 
a body from emitting ſteams, I ſhall have made it probable, that all ſorts 
8 cold bee of bodies may afford them. And firſt, I have not only found eggs, in a very 
; ſharp winter, to grow ſenſibly lighter, but having counterpoiſed a con- 
venient quantity of ice in an exact balance, and expoſed it to the cold air 
af a froſty night, that the evaporations ſhould be from ice, and not from 
water, I found, the next morning, its weight conſiderably diminiſhed; 
and this experiment I made with the like ſucceſs in more than one win- 
ter, and more than one place. 

rien exhalati- But, by the way, in explaining ſome occult qualities, ſuch exhalations 
ns oF fr fc as are raiſed by means of fire, may be taken into conſideration. Now 
Sid laue. fire is able to put the parts of bodies into ſo violent a motion, that 
except gold, glaſs, and a very few more, there are none ſo fixed and ſo- 
lid, but it will diflipate, either totally, or in part. Not only lead and 
tin, but much harder bodies emit plentiful and noxious ſteams; and 
there are ſome kinds of iron, which our ſmiths call cold-ſhare iron, 
whoſe ſmell, whilſt red hot, is intolerably ſtrong and rank, in the work- 
ing. And without being brought to fuſion, not only braſs and copper will 
become ſtrongly ſcented, but common iron alſo; as is evident by the 

ſmell of many 1ron ſtoves. | 
bel dry. To proceed to ponderous bodies; if we allow, that the magnetical ope- 
vis, rations of the load-ſtone, for inſtance, are performed by particles iſſuing 
from it; this will ſerve for an inſtance to our preſent purpoſe, ſince I 
have hydroſtatically found, that ſome load-ſtones have double the weight 
of flints, or other ſtones of the ſame bulk. And ſtone-cutters will in- 
form us, that black marble, and ſome other heavy ſtones, yield a very 
ſenſible ſmell in poliſhing; and it will be granted, that odours are 
nor diffuſed without corporeal exhalations. Having procured ſome of 
thoſe, which paſs among the vulgar for thunder-ſtones, I could, by rub- 
bing them, excite a ſtrong ſulphureous ſcent. I have alſo made a certain 


- * It appears very probable, from an obſerva-j tho no manner of exudation appeared in any part 
ton of Dr Liſt r, that odoriferous bodies ſpend |of the cabinet. Whence, ſays the Dr. the whole 
taeir very {i bſtance in efluvia, He found preat body of the turpentine of tie cedar wood, mult 
numters of ſtones, which lay in ſeveral drawe:s, | have been carried it - the air, and Roating therein, 
made of Ba: badoes cedar, we e thick covered o- be again condenſed, in its own form, upon theſe 
der with a liquid rofin, ike Venice turpentine, | ſtones. Philo 719%. No. 110, p. 224. 
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mineral maſs, almoſt as ponderous as a metal, emit more ſtrongly ſcent- Physics. 
ed exhalations, than I could well endure. And having once made a chy= — 
mical mixture of a metalline body, and coagulated mercury, it was to 
diſpoſed to part with corporeal effluvia, that a perſon, who practiſed 
phyſic, begged a little of it for ſome patients, troubled with diſtempers 
in the eyes; and afterwards affirmed, that it very happily cured them, 
by being worn in a ring on the finger, or as an Appenſum near the diſat- 
fected part. If we make a Vitrum Saturni, with a large quantity of Mi- 
nium in proportion to the ſand or cryſtal, which it helps to fuſe, we 
ſhall have a glaſs exceeding ponderous, and yet not deſtitute of electri- 
city. And having ſometimes cauſed braſs to be turned, after the manner 
of wood, to try, whether ſo great a concuſſion would not throw off 
ſleams, that might be ſmelt, it anſwered my expectation; and a work- 
man, who uſed to turn very great quantities of braſs, informed me, 
that the ſcent of it in the lath, was ſometimes ſo ſtrong, as to be very 
offenſive to perſons un- uſed to it. — hard 
I proceed now to the effluvia of ſolid and hard bodies: and here Ie, 
may be allowed to inſtance in electrical ones, becauſe they are ac. 7 . 
knowledged to operate by ſubſtantial eſſluvia. Now among theſe, I have 
obſerved many of ſo cloſe a texture, that neither Aqua fortis it ſelf, 
nor ſpirit of ſalt, would work upon them; and to be ſo hard, as to 
ſtrike fire, like flints. Of the former ſort I have found ſeveral gems, and 
and even cornelian it ſelf; rock cryſtal alſo, though it hath an attractive 
vertue, 1s yet ſo hard, as to ſtrike fire, rather better than ordinary 
flints : and though diamonds are the hardeſt bodies we know, yet fre- 
quent experience has aſſured me, that even theſe, are very manifeſtly 
electrical. There is a ſort of concretions, very well known in ſeveral 
parts of /raly, by the name of Cugoli, and much uſed by the glaſs-men. 
Theſe are very, hard, and yet by rubbing them one againſt the other, 
they afford a very ſtrong ſmell. To which we may add, that ſtrong 
ſcents are produced by the attrition of Calculi humani, iron, marcaſites,, 
pyrites, Oc. whence it appears, that bodies, capable of being the ſource 
corporeal effluvia, may be, at once, very ſolid, and very ponderous. 
It, therefore, only remains to ſhew, that even fixedneſs in bodies is not 
incompatible with their diſpoſition to yield exhalations. The Regulus, _ 
of antimony, and alſo its glaſs, though they muſt have endured fuſion, 2 Ks. 8 
to attain their reſpective forms; yet they will, without heat, communi- 
cate emetic and purgative expirations to liquors : and ſeveral electrical 
bodies are very fixed in the fire ; particularly cryſtal will endure ſeveral 
ignitions, and extinctions in water, without being truly calcined. But 
becauſe the antimonial bodies juſt mentioned will, after a while, fly a- 
way in a ſtrong fire; and becauſe the effluvia of cryſtal are not ſo ſen- 
ſible, as thoſe which immediately affect our eyes or noſtrils; I will here: 
bjoin an inſtance, which will render others needleſs : for, tho' glaſs is 
able to endure ſo vehement a fire, yet I quickly found, that by rubbing: 
wo 
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Pnrsics. two ſolid pieces of it, againſt one another, they would not only yield x 
ſenſible, but a ſtrong offenſive odour. 

eds e And as the ſun is the great agent of nature, in the planetary world; 

gentle heat. and ſince, during the ſummer, and eſpecially at noon, and in ſouthern 

climates, his heat makes many bodies have little atmoſpheres, that we 

cannot conſtantly ſo well diſcern ; we may very well aſcribe atmoſpheres 

to ſuch bodies, as have them from the ſun's influence; and alloy the 

like to ſuch other bodies, as will perform the things uſually aſcribed to 

effluvia, when yet they are excited but by an external heat, which exceeds 

not that of the clear ſun. Of theſe two ſorts, I ſhall give but two examples, 

To ſhew, that the particular and uſual manner of exciting 

electrical bodies, by rubbing them, is not always neceflary ; I took 

a large piece of good amber, and having in a ſummer's morning, 

whilſt the air was yet cool, tryed, that it would not, without being ex- 

Cited, attract a light body, I removed it into the ſun-beams, till they 

had made it moderately hot; and then found, it had acquired an at- 

tractive virtue; and that not only in one particular place, as when it 

is excited by rubbing, but in ſeveral diſtant places at once; ſo that even 

in our climate, a ſolid body may quickly acquire an atmoſphere by the 

preſence of the ſun, and that long before the warmeſt part of the day. 

I alfo took a little ſmall thick veſſel of glaſs, and held it near the fire, till 

it had got a convenient degree of heat, whereby it became attractive, as 

that of the ſun's heat had rendered the amber. Hence it ſeems deducible,that 

many conſiſtent bodies, whether animal, vegetable, or mineral, may emit 

effluvia; and that even ſuch as are ſolid may reſpectively have their little 

4 2g a be: atmoſpheres, And ſeveral things induce me to believe, that there are 

fixvia, and have many more bodies of the like nature. For, very few have had the cu- 

—＋ Leh rioſity to make uſe of nice ſcales, to examine the expirations of inani- 

iin a. mate bodies; but if they ſhall hereafter, they will doubtleſs find, that ſome 

bodies, not yet known to yield exhalations, afford them; and that many 

others part with far more than is uſually imagined. Who would have 

thought, that ſo extremely a cold body as a ſolid piece of ice, ſhould 

plentifully evaporate in the cold air of a freezing night; or that a piece 

of wood, which had long lain in the houſe, and was light enough to 

be conveniently hung, for a long time, at a very exact balance, ſhould, 

in leſs than a minute, breathe out ſteams enough to make the ſcales 

manifeſtly turn, and that in the winter ? But, ſuppoſing ſuch trials, 

made with good inſtruments for weighing ; though it is certain, that in 

Bodies may eu- Caſe the expoſed body grows lighter, ſomething exhales from it; yet it 

ro ms will not follow, if no diminution of weight be diſcovered by the in- 

4. of weight, ſtrument, that nothing corporeal recedes from it. For though the load- 

ſtone be concluded to have conſtantly about it a t multitude of 

magnetical effluvia, which may be called its — ag yet it hath 

not been obſerved to loſe of its weight by the avolation of ſo many 

corpuſeles; and though good amber-greaſe be conſtantly ſorrounded by 

a large atmoſphere, the waſte of it is ſurprizingly ſmall. If it be 8 
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that in length of time, a decreaſe of weight may appear in bodies, Pursics. 
that diſcover none in a few hours or days; the objection, if granted. 


does not affect our doctrine: it is ſufficient for us to have proved, 
that the efluvia of ſome bodies may be ſubtile enough, not to make thoſe bo- 
dies, by their avolation, appear lighter in ſhort ſtatical trials. And 
for ought we know, the decreaſe of bodies in ſtatical experiments, 
long continued, may be greater, than even nice ſcales will diſcover; for 
how are we ſure, that the weights themſelves, which are commonly 
made of braſs, may not, in tract of time, ſuffer a little diminution, 
as well as the bodies counterpoiſed by them? And no man, I 
think, has yet tried, whether glaſs, and even gold, may not in length 
of time, loſe of their weight; which in caſe they ſhould do, it would 
not be eaſily diſcovered, unleſs we had bodies that were perfectly 
fixed ; by comparing them whereto we might be better aſſiſted, than by 
comparing them with braſs weights, or the like, which, being them-- 
ſelves leſs fixed, will loſe more than gold or glaſs. 


Laſtly, there may be ſeveral other ways, beſides the ſtatical, of dif- * 


covering the effluvia of ſolid bodies; and conſequently of ſhewing it un- Asses the 
ſafe to conclude, that becauſe their operation is not conſtant or mani- 2 


feſt, ſuch bodies never emit any effluvia at all; and ſo are unable to 
to work, by their means, on any other body, though never ſo well 
diſpoſed to receive their action. And this I the rather obſerve, becauſe 
my principal deſign was here to illuſtrate the doctrine of occult qualities. 
It may conduce to explain ſeveral of them, to know that ſome par- 
ticular bodies emit effluvia, though perhaps they do it not conſtantly and 
uniformly; and tho perhaps too, they appear not to have emitted any at all, 
if examin'd after the ſame manner, with other exhalable bodies; but only 
may be made to emit them by ſome determinate operation on another 
ſingle body, or ſmall number of bodies. Withour trial, one would not 
think, that from glaſs there could, by rubbing, be obtained ſuch ſteams, 
as to offend the noſtrils. Nor ſhould we eaſily believe, if experience 
did not aflure us, that a diamond will, by a little rubbing, be made to 
part with electrical effluvia. Nay, I once had a diamond unpoliſh'd, 
uncut, and not much bigger than a large pea, whoſe electrical 
virtue was eaſily excited, by barely paſſing my fingers over it to 
wipe it: and if, as ſoon as I had taken it out of my pocket, I ap- 
plied an hair to it, tho* I touched not the ſtone with my fingers, that 
I might be ſure not to rub it, that hair would be attracted, at ſome 
diſtance, for ſeveral times ſucceſſively ; eſpecially by one of the ſides of 
the ſtone : and tho this excitation of the diamond ſeemed to proceed 
only from the warmth it had acquired in my pocket; yet I did not find. 
this warmth, tho* it ſeemed not to be altered, had always the ſame ef- 
fect on it; but the wiping it with my finger failed not to excite it. 
Something like this uncertainty I always obſerved in another diamond, 
which was much nobler, and very well poliſhed ; and alſo in a ſmall 
ruby, which ſometimes would prove conſiderably electrical, without be- 


ing 
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Pars:cs- ing rubbed, when I but wore the ring it belonged to, on my finger ; and 

A ſometimes, again, it ſeemed to have loſt that virtue, without my knowin 
whence ſuch a change ſhould proceed. I have ſeen a ſtone, which 
ſhould have judged to be agate, and a have thought, that 
it could not communicate medicinal effluvia, fitted to ſtop bleeding, if the 
wearer of it had not been ſubje& thereto ; and often cured both himſelf 
and others, by wearing this ſtone about the neck; and if he left it off, as 
ſometimes he did for trial-ſake, that would in a few days return. And it 
would probably have never been ſuſpected, that ſo ponderous and ſo- 
lid a y as the load-ſtone, ſhould be ſurrounded by an atmo- 
ſphere, if iron had been a ſcarce mineral ; and had not chanced to 
have been placed near it. And ſince ſolid bodies may have conſtant 
atmoſpheres about them, and yet not diſcover, that they have them, 
but by their operation upon one particular body, or thoſe few which 
participate of it; and ſince there are, already, _ different ways, 
whereby bodies may appear exhalable ; it is not unlikely, that more 
bodies will, by degrees, be found to emit effluvia, as more ways of 
diſcovering that they do ſo, ſhall, either by chance or induſtry, be 
brought to light. 
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| HE THER we ſuppoſe, with the ancient and modern atomiſts, 
that all ſenſible bodies are made up of indiviſible corpuſcles ; or 
whether, with Ariſtotle and the Cartefians, we grant matter, like 
quantity, to be indefinitely diviſible; the effluvia of bodies may conſiſt 

particles extremely ſmall. According to the opinion of Ariſtotle and Des- 


Cartes, no ſtop can be put to the ſubdiviſion of matter: and though the 


Epicurean hypotheſis will have it terminate in certain ſolid corpuſcles, 
which, for their not being further diviſible, are called atoms; yet the 
aſſertors of theſe, juſtly think themſelves injured, when they are c 

with taking the motes, that float in the ſun-beams, for their atoms; 
ſince, according to theſe philoſophers, one of thoſe little grains of duſt, 
that is viſible, only when it plays in the ſun-beams, may be compoſed 
of a multitude of atoms, — exceed many thouſands of them in bulk. 
This the learned Gaſſendus makes probable, by the inſtance of a ſmall 


mite; which, tho* ſcarce diſtin&ly viſible to the naked eye; yet in a mi- 


croſcope 2 to be a compleat animal, furniſhed with all neceſſary 
parts: and, I have often, in cheeſe-mites, very diſtinctly ſeen the hair 
growing upon their legs. Thus much may ſerve to ſhew, that the wonder- 

| minuteneſs, I ſhall hereafter aſcribe to effluvia, is not inconſiſtent with 


the moſt received theories of naturaliſts : otherwiſe, the proofs I mean 


ro employ, muſt be taken, not 4 priori, but 4 poſteriori. 

Now, the experiments and obſervations, to be uſed on this occaſion, 
will be chiefly ſuch as are referable to the following heads. 

1. The ſtrange extenſibility of ſome bodies, whilſt yet their parts re- 
main tangible. 

2. The multitude of viſible corpuſcles, that may be afforded by a 
ſmall portion of matter. | | 
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3. The minuteneſs of the pores at which the effluvia of ſome bodies 
will enter. | 

4. The ſmall decreaſe of bulk, or weight, that a body may ſuffer by 
the loſs of numerous effluyia. 

5. The great quantity of ſpace that may, as to ſenſe, be filled by a 
a {mall quantity of rarified matter. 


T:-frengeſub- Among many things that are groſs enough to be the objects of touch, 


tilty of efflavia, 


arzucd from the and to be managed with our hands, there are ſome which may help us to 
#neneſs of fuer conceive a wonderful minuteneſs in the ſmall parts they conſiſt of. I 


wire. 


procured filver, whoſe ductility is very much inferior to that of gold, 
to be drawn out to ſo ſlender a wire, that when it was accurately mea- 
ſured, nine yards thereof weighed but about a grain, in a very tender ba- 
lance. And ſince experience informs us, that half an Exgliſb inch may, 
by diagonal lines, be divided into 100 — capable of being eaſily di- 
ſtinguiſhed for mechanical uſes; it follows, that a grain of this ſilver 
wire may be divided into 64,800 parts; and yet each of theſe will be a 
true metalline cylinder, which we may very well conceive to conſiſt of 


a multitude of minuter parts. For, tho' 1 cou'd procure no gilt wire 


near ſo ſlender as our ſilver wire; yet a grain of ſome I had by me, was 
Fourteen feet long: at which rate, an ounce wou'd reach about a mile. 
And if we ſuppoſe the gilt wire, as in probability it might have been 


-drawn, as lender as the filverwire ; the inſtance will be {till far more conſi- 


derable: for in this caſe, each of thoſe little cylinders, of which 64,800 go 
to make up one grain, will have a ſuperficial area, which, except at the 
baſes, is cover'd with a caſe of gold, that is not only ſeparable from 
1t by a mental operation, but, perhaps, 'alſo by a chymical one. 
For, I remember, that from very lender gilt wire, tho* I could procure none 
ſo lender as this of mere ſilver, I more than once got out the filver ; fo 
that the golden films, whilſt they were in a liquor that plump'd them 
up, ſeem d to be ſolid wires of gold; but when the liquor was with- 
drawn, they appeared oblong and extremely thin double mem- 
'branes of the metal ; which, with a fine inſtrument, A have been 
Tipp'd open, diſplay'd, and made capable of further diviſions and ſub- 
diviſions. But tho” each of the little filver cylinders, juſt mention'd, 
muſt not only have its little area, but its ſolidity ; yet I ſaw no rea- 
fon to doubt, that it might be very poſſible to have drawn the ſame 
quantity of metal to a much greater length; ſince even an animal ſub- 
ſtance is capable of being brought to a flenderneſs much ſurpaſſing that 


Sitlen threads. OF our wire. An ingenious gentlewoman of my acquaintance, who kept 
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ſilk- worms, had once the curioſity to draw out one of the oval caſes 
they ſpin, into all the filken wire it was made up of; which appear'd 
in meaſure, to be much above 300 yards, yet weigh'd but two grains 
and a half; ſo that each cylindrical grain of filk may well be reckon'd 
to be, at leaſt, 120 yards long. | | | 
| We took ſix leaves of beaten gold, and fingly meaſuring them with a 
ruler, purpoſely made for nice experiments, we found them to have a grea- 
4 ter 
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ter equality in dimenſions, and to be nearer true ſquares than could be Pays1cs; 
well expected: the ſide of the ſquare was, in each of them, exactly three 


inches and a quarter; which number being reduced to a decimal fraction, 
viz. 3.25 and multiply'd by itſelf, affords 10.5625 for the area of the 
ſix leaves. Theſe being carefully weigh'd, in a pair of tender ſcales, 
amounted, all of them, to one grain and a quarter; and ſo one grain 
of this leaf-gold was extended to ſomewhat above 50 inches; which dif- 
ſer d, but about a fifth part, from an experiment of the like nature that 
I made, many years ago, in a pair of exact ſcales: and ſo ſmall a diffe- 
rence may very well be imputed to that of the pains and diligence of the 


geold-beaters, who do not always work with equal ſtrength and skill; nor 


upon equally fine and ductile gold. Now, ſuppoſing an inch, divided in- 
to an hundred ſenſible parts, to be applied to each ſide of a ſquare inch 
of this leaf- gold; tis manifeſt, that by fine parallel lines, drawn between 
all the oppoſite points, a grain of gold mult be diviſible into five hun- 
dred thouſand very minute ſquares, but yet diſcernable by a ſharp eye. 
And if we ſuppoſe the inch divided into two hundred parts ; the num- 
ber of the ſquares, into which a ſingle grain is capable of being divided, 
will amount to no leſs than two millions. 


There is yet another way to ſhew the great diviſibility of gold. A re- Th fe guan- 
finer, with whom I ufed to deal, informed me, that to an ounce of filver . 3 * 


ver wire. 


he commonly allow'd eight grains of gold, when it was to be drawn into 
well-gilt wire, as ſlender as a hair; but that if it were to be more ſlight- 
ly gilt, ſix grains would ſerve the turn. He alſo ſhewed me a fair cylin- 
drical bar of ſilver, as it was at firſt gilt, whereon the leaf-gold that 
overlaid the ſurface did not appear to be, by odds, ſo thick as fine Ve- 
netian paper; yet comparing this with gilt wire, the wire appear'd to be 
the better gilt of the two; poſlibly becauſe the gold, in paſſing thro the va- 
rious holes in the making, was, by the ſides of them, not only extended, 
but poliſh'd ; which made it look more vividly than the unpoliſh'd leaves 
that gilt the ingot. - So that, if we ſuppoſe an ounce of the gilt wire 
lately mention d, to have been gilt with fix grains of er it will a 

pear, by an eaſy calculation, that, at this rate, one ounce of gold, employ d 
in gilding wire of that fineneſs, would reach between ninty and a hundred 
miles. But if we further ſuppoſe, that the ſlender ſilver wire, firſt men- 
tion'd, were gilt; tho' we ſhould allow it to have not fix, but eight grains 
of leaf-gold to an ounce of ſilver; it muſt be acknowledg'd, that an hol- 
low cylinder of gold, weighing but eight grains, may be ſtretch'd ſo as 
to reach as far as lixty times its weight of ſilver wire, which it covers; 
and conſequently, a grain of that wire having been found to be 27 feet 


long, an ounce of gold would reach 155 miles, and above an half. And 


if we yet further ſuppoſe this hollow cylinder of gold to be ſlit along, 
and cut into as ſlender liſts as poſſible ; we cannot deny that the gold may 
be made to reach a ſtupendous length. 

To this view of the — of tangible objects, twill be proper 
to ſubjoin ſome inſtances of the ſmallneſs of ſuch as ſtill continue vi- 


ſible. 
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Pursics. ſible. But as theſe corpuſcles are, ſingly, too little to have any com- 
mon meaſure applied to any of them; we muſt eſtimate their minutene(g 
by the number of thoſe into which a ſmall portion or fragment of mat- 
ter may be actually divided; the multitude of theſe, being afforded by ſo 

inconſiderable a quantity of matter, ſufficiently declaring that each of 
of nan them, in particular, muſt be ſurprizingly little. 

"#10 Capour. Water, tho* granted to conſiſt of groſs particles, in compariſon of 

| the ſpirituous and odoriferous ones of ſeveral other liquors, as pure ſpirit 

of wine, Oc. yet to ſhew that a ſmall quantity of it may be diſperſed 

into a multitude of manifeſtly viſible corpuſcles, I more than once 

tried the rarifaction of it into vapours, by help of an æolipile, where- 

with,when I made the experiment the laſt time, the event proved as follows: 

We put an ounce of common water into an zolipile, and having ſet 

it upon a chafing-diſh of coals, we obferved the time when the ſtream 

of vapour began to be manifeſt. This ſtream was for a conſidera- 

ble time impetuous, as appear d by the noiſe it made, which would 

be much increas'd, 'if we applied to it, at a convenient diſtance, a 

kindled brand, whereof it would blow up the fire very vehemently, 

The ſtream continued for about a quarter of an hour, but afterwards 

the wind had pauſes and guſts for two or three minutes, before it 

quite ceas'd. And by — of the ſhape of the æolipile, a great por- 

tion of the vapours condens'd in the upper part of it, and fell donn 

in drops; ſo that, ſuppoſing they alſo had come out in the form of wind, 

and the blaſt had not been intermitted towards the latter end, I gueſs d 

it might have continued, uninterruptedly, for 18 or 20 minutes. And by 

applying a meaſure to the ſmoke, that came out very viſible, in a form al- 

moſt conical, where it ſeem'd to have an inch or more in diameter 

It appear'd to be diſtant from the orifice of the æolipile, about 20 inches, 

and fiye or fix inches beyond that, tho' it were ſpread ſo much as 

to have four or five inches in diameter, yet the irregular coherent 

clouds were manifeſtly conſpicuous. | 

of her t After the rarifaction of water turn'd to a vapour, we may conſider 
en flame. that of fewel, when *tis turn'd into flame. | 

Having often burn'd ſpirit of wine, and alſo oil, in glaſs lamps, ſo 

made, that the ſurface of the liquors till continued circular; twas eaſy 

to obſerve, how little the liquor would ſubſide by the waſte that was 

made of it in about half a quarter of an hour. Yet, if we conſider, that 

the naked eye, after ſome exerciſe, may, as I have often try'd, diſcern 

the motions of a pendulum that ſwings faſt enough to divide a ſingle 

minute into 240 parts; and conſequently half a quarter of an hour into | 

1800 parts; if we alſo conſider into how many parts of the time em- | 

ploy'd by a pendulum, the vibrations, flow enough to be diſcernible to | 

the eye, may be, mentally, ſubdivided ; and if we further conſider, that, | 

without intermiſſion, the oil is prey'd upon by an actual flame, and that the 

particles of it continually furniſh a conſiderable ſtream of ſhining mat- 

ter, which, with a ſtrange celerity, is always flying away ; we may mn 
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om- pell conceive that thoſe parts of flame, into which the oil is turn'd, are Parscs. 
"els W ſurprizingly minute; ſince, tho* the waſting of the oil is in its progress 
at- too {low to be perceiv'd by the eye; yet tis certain, there is a continual 
y lo WF decreaſe of its depth, it's phyſical ſurfaces being continually and 
1 of W ſucceſſively attenuated and turned into flame“. And the ſtrange ſubtil- 
ty of the corpuſcles of flame might be more ſtrongly argued, if we 
we ſhould ſuppoſe, that, inſtead of common oil, the flame were nou- 
riſh'd, as 'tis poſſible, by a fewel much more compact and durable. 
Having, in a pair of tender ſcales, carefully weigh'd out half a grain Gunpowder is: 
| of gun-powder, we laid it on a tile, and wheml'd over it a veſſel of glaſs, f. 44 
with a braſs plate to cover the upper orifice of it; then having fired the 
| gun-powder, we obſerved, that the ſmoke of it darken'd, and, as to ſenſe, 
155 the whole cavity of the glaſs, tho* its baſis were eight inches, its 
| perpendicular height above twenty, and its figure far more capacious 
than if it were conical. And this ſmoke, not containing itſelf within the 
veſſel, iſſued out at two or three lirtle interſtices, that were purpoſely 
left between the orifice of the veſſel, and the plate that lay upon it. This 
cover we then remov'd, to obſerve how long the ſmoke would continue to 
aſcend ; which we found it would do for about half a quarter of an hour ; 
and during near half that time, the ſmoke, continually aſcending, ſeem'd to 
be, at its going out, of the ſame diameter with the orifice at which ir 
| iſſued ; and it wou'd aſcend ſometimes a foot, ſometimes half a yard, 
ſometimes two feet, or more, into the air, before it diſpers'd and va- 
niſh'd into it. | 
Now, conſidering that the cavity of this round orifice was two inches 
in diameter, how many myriads of viſible corpuſcles, may we eaſily 
conceive, throng'd out at ſo large an out- let, in the time abovemention'd ; 
ſince they were continually thruſting one another forwards ? And into ſo 
many viſible particles of ſmoke, muſt we admit, that the half grain of 
wder was ſhatter'd; beſides thoſe multitudes, which, having been rurn'd 
| into actual flame, may, probably, be ſuppos d to have ſuffer d a comminu- 
tion that render d them inviſible. And to ſhew that the number of theſe 
| ſmall particles was exceeding great, I caus'd the glaſs to be filled with 
common water, and found it to contain 22 pints; and cauſing one of 
thoſe meaſures of that fluid to be weigh'd, it came ſo near ſixteen 
ounces, that the computation of the whole water amounted to, at leaſt, 
160,000 grains, and conſequently 320,000 half grains. To which, if 
we add, that this gun-powder would readily fink to the bottom of wa- 
ter, as being in ſpecie, probably, twice as heavy 3 we may guels the 
ſpace, to which the ſmoke reach'd, exceeded 500,000 times that which, 
contain'd the unſired powder; and this, tho the ſmoke being contin'd: 
in the veſſel, was thereby kept from diffuſing” itſelf ſo far as, by. its. 
ſtreaming out, it ſhou'd ſeem it wou'd have done. 


* An inch of candle, when converted into | tion, in his Religions P-iloſopher, divided into 
bah!, is, according to Dr. Niexwentyr's calcula - I 2 69,617,040 parts. 
| To 
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Parsrcs. To theſe inſtances, from inanimate bodies, I ſhall add one taken from 
- animals. Thoſe, who have, from time to time, open'd eggs that have been 
ebene Ha brooded upon by a hen, cannot but have obierved, how ſmall a proportion 


minnteneſs of the 


1 the chick bears to the bulk of the whole egg; when that which Dr. Hu- 
mite, '* wey calls the Pundtum ſaliens, diſcloſes the motion of the heart, and the 
colour of the blood; and that even about the ſeventh or eighth day, the 
whole chick, now viſibly form'd, bears no great proportion to the whole 
egg, Which is to be ſupply it with aliment, not only for its nouriſhment, 
but ſpeedy growth for many days after. 
Now, having ſeveral times found, that cheeſe-mites themſelves are 
nerated of eggs ; if we conceive that in theſe eggs, as in or- 
inary ones, the animal, at its firſt formation, bears but a ſmall pro- 
portion to the bulk of the whole egg; the remaining part being to ſuf- 
tice for the food and growth of the embryo, probably for a conſidera- 
ble time ; (ſince, if an ingenious perſon, whom I defired to watch them, 
did not miſ-inform me, they uſe to be about ten or twelve days in hatch- 
ing ;) and as this whole egg itſelf will be allowed to be but little, with re- 
gard to the mite it — 2 ; how extreamly and unimaginably minute 
then, may we ſuppoſe thoſe parts to be, that make up the alimental 
liquors, and even the ſpirits, that, paſſing through the nerves, ſerve to 
move the limbs and organs of ſenſe, of but, as it were, the model of ſuch 
an animal, as when it reſts, wou'd not itſelf be viſible to the naked 
eye ? | 
A ſubtile divi- "We carefully weigh'd, in a pair of tender ſcales, one grain of copper 
Jong © gn filings, and made a ſolution thereof in the ſpirit of ſal-armoniac ; having 
/ : | hg 
found by former trials, that this menſtruum wou'd give a far deeper 
blue colour, than either Aqua fortis, or Aqua regia. This liquor, of 
which we uſed a large portion, that all the copper might be throughly 
diſſolved, we put into a tall cylindrical glaſs, about four inches in dia- 
meter, and, by degrees, pour d to it of diſtill'd water, which is more proper, 
in this caſe, than common water, till we had almoſt fill'd the glaſs, and 
ſaw the colour grow ſomewhat pale; and then we warily pour'd this 
liquor into a conical glaſs, that it might be the more eaſy to fill the 
veſſel ſeveral times to the ſame height. This conical glaſs we filled 
to a certain mark, four times ſucceſſively ; weighing it and the liquor 
too, as often, in a pair of excellent ſcales, purpoſely made for-ſtatical 
experiments ; and which, tho' ſtrong, wou'd, when not too much loaden, 
turn with about one grain. Theſe ſeveral weights of the glaſs, together 
with the contain'd liquor, e added together; and then carefully weigh- 
ing the empty glaſs again, deducted four times its weight from the ſum, 
and thereby found the weight of the liquor alone to be 28,534 grains; 
ſo that a grain of copper, which is not half ſo heavy in ſpecie as fine 
gold, communicated a tincture to 28,534 times its own weight. 
But as the delign of my experiment was to ſhew into what a number 
of parts one grain of copper might be divided ; this multitude of parts 


mult be eſtimated by the proprotion, not ſo much in weight, as in 17 
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rom of the tinging metal to the tinged liquor; and conſequently, ſince hy- Pursics. 
cen WF groſtatical trials have informed me, that the weight of copper to the NN — 
ton weight of water, of the ſame bulk, is nearly, as nine to one; a grain of 
copper is in bigneſs, but the ninth part of as much water as weighs a 
the grain; and ſo our number of the grains of ting'd water muſt be multi- 
the plied by nine, to give us the proportion between the tinging and tin- 
ole ged bodies; that is, a ſingle grain of copper gave a blueneſs to above 
ut, 256,806 parts of limpid water, each of them as big as it. Which, tho” 
it may ſeem ſcarce credible, yet I thought fit to proſecute the experi- 
rc ment farther, by pouring all the liquor out of the tall cylindrical glaſs 
or- W into another clean veſſel, whence filling the conical glaſs twice, and 


* empty ing it as often into the ſame cylindrical glaſs, the third time I 
uf fill d the conical glaſs with colourleſs diſtill'd water, and pouring that al- 
* ſo into the cylindrical glaſs, we yet found the mix d liquor to have a 
n, WF manifeſt blueneſs. And, laſtly, throwing away what was in the cylin- 
h- drical glaſs, we pour d into it, out of the ſame conical glaſs, equal parts 
ab of diſtill'd colourleſs water, and of the ting'd liquor, we had formerly 
te ſet apart in the clean veſſel, and found, that thoꝰ the colour were ver 

al faint, yet an attentive eye could eaſily diſcern it to be bluiſh ; and 15 
0 it was judg'd by a ſtranger who was brought in to look upon it, and de- 
ch fired to ſay of what colour he thought it: whence it appears, that one 
ed grain of copper was able to impart a colour to above double the former 


quantity of water. | 

This experiment I have been the more particular in relating, both 
becauſe it is new, and becauſe, without circumſtances, it wou'd ſeem 
as incredible as tis ſurprizing, that a portion of matter ſhou d be able 
to impart a conſpicuous colour to above 256,806 times its bulk of wa- 
ter, and a manifeſt tincture to above 385,200, and a faint, but yet 
2 and diſtinguiſhable colour, to above 530,620 times its bulk 
of water. 

We alſo took a grain of refind gold, and having diffoly'd it, without α of « 
heat, in a ſufficient quantity of good Aqua regia, we put to it about two“ * 
ſpoonfullsof water; and then, by a thread, we hung in the mixture a ſmall 
piece of a clean metalline body, and kept it ſuſpended in the liquor for 
many hours. By this means we obtain'd a precipitate of a fine deep 
colour, ſo large and light, that it was a long time before it would all 

ſettle to the bottom. Then, looking upon the remaining part of the 
ſuſpended metalline body, we found it ſo very little leſs than when the 
the whole was firſt put in, that the diminution of it was not judg d to 
amount to near a grain. By which experiment it appear'd, that one 
grain of gold, not ſwimming in parts ſeparately inviſible, as in ſolutions, 
but reduc'd to a manifeſt powder, ſeem'd to make a conſiderable quanti- 
ty of precipitate, at the bottom of the eylindrical vial, its diameter, a- 
| bout an inch, wherein we kept it. And this glaſs, being a little ſna- 
ken, the precipitate would riſe like mud, and be ſo throughly diſpers d 

in the form of a powder, through the whole body of the liquor, and a 
Vol. I. Gg greater 
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des greater quantity of water added to it, that at firſt it ſeem'd opake- 
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and, after ſome time, appear d like a high purple ſolution. So that one 
grain of gold (for the colour ſhew'd there was ſome of that metal, in 
every corpuſcle of the precipitate) was reduce d into as many grains of poder, 
as ſuffic'd to lodge \ way Has in all the particles of viſible ſpace, con- 
tain'd in a maſs of two ounces of water, 


nimal rie It is deliver'd by approv'd writers, that ſeveral perſons, by barely 


aſſect the human 


4 ody. 


holding dry'd cantharides, for ſome time, in their hands, have felt much 
pain at the neck of the bladder, and had ſome other urinary parts ſenſi. 
bly injured ; which effects are certainly due to material effluvia, that 
to get into the maſs of blood, muſt — thro* the pores of the skin. 
Scaliger relates, that in his country, Gaſcony, there are ſuch virulent 
ſpiders, that if a man treads upon them to cruſh them, their poiſon wil 
paſs thro? the ſoles of his ſhoes: and Piſo, in his hiſtory of Brazil, har- 
ing ſpoken of a venomous fiſh of that country, and the antidotes he had 
ſucceſsfully uſed againſt its poiſon ; he proceeds to another, which, he 
ſays, has this wonderful property, by the ſlighteſt touch of the 
hand, or even of the foot of him who bruiſes it through the ſhoe, to 
7 2 a palſy, and a numbneſs, like the European torpedo, tho leſs 
| ing. | 
But tho! the torpedo's affecting the ſtriker at a diſtance, ſeems owing 
to the ſtupefactive, or other venomous exhalations iſſuing from the ani- 
mal, irritated by the ſtroke, and breath d in together with the air they 
infe& ; yet their benumning, or otherwiſe affecting the arm that ſtruck 
it, rather than any other part, ſeems to argue, that the poiſonous 
ſteams get in at the pores of the skin of the limb, and ſo ſtupify, or c- 
herwile injure the nervous and muſcular parts of it*, But that ſome et- 
fluvia, even of ſolid bodies, may be ſubtile enough to paſs the pores ot 
the cloſeſt ſubſtances, appears from thoſe ofthe load-ſtone, which are, by 


Even the eff. magnetical writers, ſaid to penetrate, without reſiſtance, all kinds of bodies, 


via of ſolids may 


penetrare ſolids. 


And tho' I have not try d this in all ſorts, yet having found it true in 
metals, I am apt to think the general rule admits of very few exceptions; 
eſpecially if that can be fully made out, which is affirm'd, about the per- 
viouſneſs of glaſs thereto. For glaſs is generally reputed to be as 
cloſe a body, as any in nature; and, I have, by trials, purpoſely made, 
had occaſion to admire the cloſeneſs of very thin pieces of it. But in 
dials and ſea-compaſles, which are cover'd with plates of glaſs, it will be 
pretended, that the needle may be readily moved by a load-ſtone held 
over. it ; becauſe, theſe plates being commonly faſten'd only with 
wax, or at beſt with cement, the magnetical effluvia paſs not through 
the glaſs, but through that much more pervious matter employ'd to 1e- 
cure the junctures, only, from the entrance of the air. To clear this mat- 


.* The numbneſs occaſion'd by the torpedo, | it is; whence the nerves are, by a communi- 
roceeds from nothing more than an exceed- | cation of this motion, affected in a peculiar 
g ſwift ſtroke, which the creature uſually | manner. M. Reaumur gives a very full ac- 
gives, in order to kill or ſtupify its prey, by | count of this matter in the French Memoirs, 
means of two particular muſcles, whoſe office | 4. 1714. p. 47. 


ter, 
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ter, I caus'd ſome needles to be hermetically ſeal'd up in glaſs pipes, Pursics. 


which being laid upon the ſurface of water, whereon they , would 
lightly. float, the included needles did not only readily anſwer to the 
load-ſtone externally applied, tho a weak one, but compiy d with it ſo 
well, that I cou'd 5 lead, without touching it, the whole pipe to 
what part of the ſurface of the water I pleaſed. I alſo found, that by 
applying a better load-ſtone to the upper part of the ſeal'd pipe, with a 
needle in it, I cou'd make the needle leap up from the lower part, as near 
to the load-ſtone as the interpoſed glaſs wou'd give it leave. But I 
thought it more conſiderable to — that the magnetical effluvia, e- 


ren of ſuch a dull body as the 2 of the earth, wou'd alſo penetrate 


glaſs. And this I attempted after the following manner. I took a cy- 
lindrical piece of iron, about the bigneſs of ones little finger, and between 
half a foot and a foot long ; having formerly found that the quantity of 
unexcited iron forwards its operation upon excited needles; and having her- 
metically ſeal'd'it up in a glaſs pipe, but very little longer than it, I fu 
pos'd, that if I held it in a perpendicular poſture, the magnetical eſſtuvia 
of the earth, penetrating the glaſs, wou'd make the lower extreme of the 
iron anſwerable to the north pole; and, therefore, having applied this 
to that point of the needle, in a dial or ſea-compaſs which look d towards 
the north, I preſum'd, it wou'd drive it away; which accordingly it 
did. And having, for farther trial, inverted the included iron, and held 
it in a perpendicular poſture, juſt under the ſame point, that extreme 
of the iron rod, which before had driven away this point, being by inver- 
ſion become a ſouth pole, attracted it; from which ſudden change of 
poles, merely upon the change of ſituation, it alſo appeared, that the 
iron owed its virtue only to the magnetiſm of the earth; not that of an- 
other load- ſtone, which” wou d not have been thus eaſily alterable. 
Another proof of the great ſubtilty of effluvia, ariſes from the ſmall de- 
creaſe of weight or bulk that a body may ſuſtain by parting with great 


numbers of them. That bodies infus'd in liquors impregnate them with rye ente 
may but little al- 


new qualities, do it by imparting to them ſomewhat of their own ſub- 17,5 i = 
ſtance, will, I preſume, be readily granted by thoſe, who conceive not #niy bade 


how one body ſhou'd communicate to another a ſolitary naked quality, 
unaccompanied by any thing corporeal to ſupport and convey it. Glaſs of 
antimony, and Crocus metalbrum, being either of them infus d in a great 
proportion of wine, will make it vomitive ; and if that liquor be pour d 
off, and new put on, every freſh portion of it will be impregnated with 
the ſame virtue; and this, tho the liquor be chang'd abundance of 
times : yet the antimonial glaſs, or Crocus, are ſaid to continue the ſame, 
as well in weight as virtue. But I doubt whether the experiment have 
been exactly made; for the moſt ingenious phyſicians, whom I have 
queſtion'd about it, acknowledg'd the taſt, and ſometimes the colour of the 
wine to bealter'd by the infus'd mineral. However, ſince after repeated infu- 
lions, the mineral ſubſtance is not very ſenſibly diminiſh'd in bulk or virtue, 
us a proper inſtance : for, that there is a powerful emetic quality im- 
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Pursrcs. parted to the liquor, is manifeſt by experience; and that the mineral doe 


neral, as if it 


not impart this virtue by irradiation, as Helmont ſpeaks, but by ſubſian- 
tial efflux, ſeems, to me, very probable ; not only becauſe tis hard to 
conceive how it can be done otherwiſe, but becauſe, as we obſerv d, the 
wine often changes colour, by being kept a competent time upon the mi- 

— thence a tincture: and, even when it is not diſco- 
lour d, I think it unſafe to conclude, that the menſtruum has not rought 
upon it; for I have kept good ſpirit of vinegar, a conſiderable time, 
upon finely powdered glaſs of antimony, made per ſe, without finding 
this ſpirit to be at all ting d; tho' tis known, that antimonial glaſs is 
ſoluble in ſpirit of vinegar ; as mine afterwards appear'd to be, by a 
longer digeſtion in the ſame liquor. But there may be a great number 
of minute particles diflolv'd in the menſtruum, before they become nu- 
merous enough to change the colour of it. Thus, tho too great a quan- 
tity of the prepared antimony be put into the liquor, yet it will not be 
thereby made too ſtrongly emetic. For, the wine, being a menſtruun, 
will, like other menſtrua, be impregnated but to a certain meaſure, with- 
out diflolving the overplus of the matter put into it. And ſteel, which is 
a harder and heavier body than glaſs of antimony, is itſelf in part, rea- 
dily ſoluble, in rheniſh, or other white wine, and ſometimes even in 
water. 

"Tis mention'd by Helmont, and has been try'd by more than one of 
my acquaintance, that mercury imparts to water or wine, wherein it 
has been long infus'd or boil'd, the faculty of deſtroying worms ; without 
ſuffering any diminution of its ſubſtance. 

Having, in a pair of exact ſcales, ſuſpended a piece of ambergreaſe, 
bigger than a walnut, and weighing above an hundred grains, I cou d not, 
in three days and a half, that I had opportunity to make the trial, diſ- 
cover any decreaſe of weight; tho' ſo rich a perfume lying in the open 
air, was likely, in that time, to have parted with many odoriferous ſteams. 
And, a while after, ſuſpending a lump of Aſa fetida, for five days and 
a half, I found it not to have ſuſtain'd any diſcernible loſs; tho', notwith- 
ftanding the unfavourable cold ſeaſon, it had about it an atmoſphere, re- 
eee d with fetid exhalations: and when, 12 or 14 hours after, per- 

aps upon ſome change of weather, I came to look upon it, tho” I found 
the equilibrium ſomewhat alter?d, yet the whole lump had not loſt half a 
quarter of a grain; which induced me to think, there may, perhaps, 
be ſteams diſcernible by our noſtrils, that are far more ſubrile than the 
odorous exhalations of ſpices. For having, in very good ſcales, ſuſpend- 
ed, in the month of March, an ounce of nutmegs, they loſt, in abour fix 
days, five grains and a half ; and an ounce of cloves, in the ſame time, 
loſt ſeven grains and five eighths, | 

It will doubtleſs render it more probable, that a ſmall quantity of mat- 
ter, being ſcatter d into inviſible effluvia, may be exceedingly rarified and 
expanded, if I can ſhew that it may, for a conſiderable time, emit mul- 


titudes of viſible parts, and that in ſo cloſe an order among themſelves, 
as 
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as to ſeem, in their aggregate, but one intire liquor, endow'd with a Phrsics. 
ſtreaming motion, and a diſtin& ſuperficies, wherein no interruption i 


to be ſeen, even by an eye plac'd near it. I was induced to deviſe ſuch 
an experiment, by conſidering, that all the total diſſolutions, hitherto 
made of pigments, have been in liquors naturally cold, and conſiſting, 
probably of much leſs ſubtile, and certainly of much leſs agitated parts, 
than that fluid aggregate of ſhining matter, we call flame; whence I ar- 

ed, that if I coud once totally diſſolve a body compos'd of parts, ſo 
minute as thoſe of a metal, into actual flame, and husband this flame ſo, 
that it ſhou'd not immediately waſte, I ſhou'd thereby diſſolve the me- 
tal in a far more ſubtile menſtruum than common water, Aqua fortis, A- 
qua regia, or any other known menſtruum I have yet employ d: and 
conſequently, the attenuation of the metal, in this fiery menſtruum, 
wou'd much ſurpaſs, not only what happens in ordinary metal- 
line ſolutions, but poſſibly alſo, what I have noted about the 
ſtrange diffuſion of » diflolv'd in ſpirit of ſal-armoniac and. 
water. In proſecution of this deſign, I ſo prepared one ſingle grain of 
that metal, as to diſſolve it in about a ſpoonful of an appropriated men- 
ſtruum; and having caus'd a ſmall glaſs lamp to be —— blown to- 
contain this liquor, and fitted it with a ſocket and wieck, ſo that 
it burnt with a large flame, and very hot, tho' without conſum- 
ing the wieck ; ſeeming all the while of a greeniſh: blue, as if it 
were but a finer and ſhining ſolution of copper; yet this one grain 
of prepared metal ting'd the flame that was inceſſantly produced, during 
no leſs than half an hour and ſix minutes. Now, if we conſider, that 
in this flame there was an uninterrupted ſucceſſion of multitudes of co- 
lour'd particles, newly extricated, and flying off in every of thoſe many 
parts, wherein a minute of time may either actually or mentally be divid- 
ed; if we conſider flame as a light, and very agitated. body, paſſing with 
a ſtream RS through the air; and, laſtly, if we only regard the 
quantity of liquor that wou'd run through a pipe of a much leſs diame- 
ter than that flame, within the compaſs of the ſaid time; what a quanti- 
ty of the ſtreaming fluid, we call flame, if it cou'd have been preſerv'd 
and collected into one body, may we ſuppoſe would appear to have iſſued 
from one grain of copper, in the ſpace of 36 minutes? And what a 
multitude of metalline corpuſcles may we ſuppoſe to have been ſupply'd 
to tinge that flame, during ſo long a time? Since a cylindrical ſtream of 
water, falling but through a very ſhort pipe of glaſs conſtantly ſupply'd. 
with liquor, paſs'd at ſuch a rate, that tho” the aqueous cylinder 
ſeem'd more lender, by two thirds, than the flame; yet we eſtimated, 
by the help of a minute-watch, and a good pair of ſcales, that the wa- 
ter efflux's in 36 minutes, wou'd amount to above 72. pounds. 


The laſt ſort of inſtances, I ſhall. produce, to ſhew the ſtrange ſubtilty 4 ye ge- 
of effluvia, is, of ſuch as diſcover the great quantity. of ſpace that 2 


may, by a ſmall quantity of matter, when rarified and diſperſed, be 
either fill'd, as to ſenſe, or, at leaſt, made the ſphere: of its Arie : 
* 
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Tis ſurprizing to obſerre, with what ſagacity ſpaniels take notice of 
and diſtinguiſh, by the ſcent, the places where partridges, quails, G. 
have lately been; and I have much wonder'd at the quick noſe of an ex- 
cellent ſerting-dog, who, by his way of ranging, and other motions, e- 
ſpecially of his head, wou'd not only intimate to us the kinds of game 
whoſe ſcent he chanc'd to light on, but diſcover to us where partridges 
had haunted, ſeveral hours before; and aſſiſt us to gueſs how long they 
had been gone before we came. 

I have heard ſtrange things, in Ireland, from thoſe who there make a 
gain of killing of wolves, about the ſagacity of that peculiar race of dog; 
chey employ in hunting them. But not truſting much to thoſe relators; 
a very ſober. and diſcreet gentleman of my acquaintance, who has often 
occaſion ro employ blood-hounds, aſſures me, that if a man have but paſs'd 
over a field, the ſcent will lie fo as to be perceptible to a good dog of that 
ſort for ſeveral hours after. And an ingenious hunter informs me, he has 
obſery'd, that the ſcent of a flying and heated deer will ſometimes continue 
upon the ground from one day to the next. 

We may here obſerve, 1. that the ſubſtance left upon the graſs or 
ground, by the tranſient tread of a partridge, hare, Cc. probably com- 
municartes to the graſs, or ground, but ſome of thoſe effluvia that tran- 
ſpire out of their feet, which, being ſmall enough to eſcape the. diſcern- 
ment of the eye, may, probably, not amount to one grain in weight, or, 
perhaps, not to the tenth part of it. 2. That the parts of fluid bodies 
are perpetually in motion, as alſo the inviſible particles that ſwim in 
them, as may appear by the diſſolution of ſalt or ſugar in water; and 
the wandering of aqueous vapours through the air, even when the eye 
perceives them not: And, 3. That tho' the atmoſphere of one ſmall parcel 
of this exhaling matter, may often be very large, in compariſon of the bo- 
dy which throws it out; as may be gueſs' d by the diſtance at which 

ſome ſetters or blood-hounds will find the ſcent of a partridge or deer; 
* in places expos d to the free air or wind, tis very likely that theſe 


ſteams are carry d away from their fountain to maintain the foremen- 


tioned atmoſphere, for eight or more hours ; that is, as long as the ſcent 
has been obſerv'd to lie, a continual recruit of ſucceſſive ſteams is 
requiſite. And ſo very ſmall a portion of matter, as the fumes of 
thoſe ſteams may be ſuppoſed, being ſenſibly to impregnate an atmoſphere 
incomparably greater than itſelf, and ſupply it with almoſt continual re- 
cruits, we cannot but think the ſteams, it parts with, muſt be extremely 
minute. 

We may farther conſider, that the ſubſtances which emit theſe ſteams, 
being ſuch as lately belong'd to animals, and were, for the moſt part, 
tranſpired through the pores of their feet, muſt, in likelihood, be a far 
more evaporable and diſſipable kind of bodies, than minerals or burnt 
vegetables, ſuch as gun-powder is made of ; ſo that if the grains of gun- 
powder emit effluvia, perceptible to the ſcent of ſome animals, it may 

| probably ſuppos d, that the ſmall grains of this powder will onion 

: muc 


' conſiderable diſtance, particularly, when the wind blows from thence to 
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much longer to ſupply an atmoſphere with odorable ſteams, than the cor- Physics. 
puſcles left on the ground by tranſient animals. Now, tho' it be gene 
rally allow'd, that very few birds have the ſenſe of ſmelling, any thin 

near ſo quick as ſetting- dogs, or blood-hounds ; yet that the odour * 

gun- powder, eſpecially when aſſiſted by the ſteams of the Caput mortuum 

of powder, formerly fir d in the fame gun, may, by fowls, be ſmelt at a 


them ; I have often been perſuaded, from my own experience in ſhoot- 
ing; and was confirm'd in that opinion by ſober and ingenious perſons, 
much exercis'd in the killing of wild fowl, and other creatures. 

There is an obſervation of the experienc'd Julius Palmarius, whence Contagious ef+.. 
we learn, that beaſts may leave upon vegetables, that have touch'd their“ 
bodies for any time, ſuch corpuſcles, as, tho* unheeded by other animals, 
may, when eaten, produce in them the diſeaſes of the infected animals: 
for, this author writes, in his uſeful treatiſe of contagious diſtempers, 
that he obſerved horſes, oxen, ſheep, Cc. to run mad upon the eating 
ſome of the ſtraw on which mad ſwine had lain. 

But the effluvia ſmelt by animals are, tho* inviſible, big enough to be the 
objects of ſenſe ; whence, tis not improbable, that among the ſteams 
which no ſenſe can immediately perceive, there ſhou'd be ſome far more 
ſubtile than theſe, and conſequently capable of furniſhing an atmoſphere 
much longer, without quite exhauſting. the effluviating matter that af- 
forded them, Foreſtus gives us an example of peſtilential contagion long 
preſerv'd in a cobweb. Alexander Benedictus writes alſo, that at Venice 
a flock bed did, for many years, harbour a peſtiferous malignity, to ſuch 
a degree, that when, afterwards, it came to be beaten, it preſently infe&- 
ed the by-ſtanders with the plague. And Sennertus relates, that in the 
year 1542, in the city of Breflaw, where he afterwrards practis d phyſic, 
there dy'd of the plague, in leſs than fix months, almoſt fix thouſand 
men; from which time, the peſtilential contagion was kept, folded up in 
a linen cloth, about 14 years; and afterwards, being unfolded in an- 
other city, it began a plague there, which infected, alſo, the neighbouring 
towns, and other places. Trincavella makes mention of a yet more laſt- 
ing contagion, (which ovccaſion'd the death of ten thouſand. perſons) that 
00 lurking in ſeveral ropes, with which, at Juſtinopolis, thoſe who dy d 

the plague had been let down into their graves. 

"Tis, indeed, the opinion of ſeveral | phyſicians, that the con- 
tagion cannot laſt above twenty days, if the body, it adheres 
to, be expos d to the free air and the wind; yet a contagion may, ſome- 
times, happen to be much more tenacious and obſtinate. The learned 
Diemerbroeck aſſures us, that his own apothecary, having but removed with 
foot, from one ſide to the other of a little arbour, ſome ſtraw that had lain 
under the bed, wherein, about eight months before, a ſervant of the 
apothecaries, who recover d, had beer. ſick of the plague ; the infectious 
ſteams preſently invaded the lower part of his leg, and there produced a 
pungent pain, and a bliſter, whichcurn'd to a peſtilential carbuncle, = 

4. cou 
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Pursics. cou'd ſcarce be cur'd in a fortnight ; tho', during that time, the patient 
were neither feveriſh, nor, as to the reſt of his body, indiſpos'd. This 
memorable inſtance, together with ſome other of the like kind, that our 
author obſerv'd, extorted from him this confeflion. © Hence the doctrine 
* of phyſicians, as to the contagion lurking in a proper ſubje&, receives 
© a-confirmation ; tho” tis ſurprizing that this contagion ſhou'd remain 
* ſo long in the ſtraw; ſince it had been expos d to the wind and the 
< rain, the ſnow and the cold of a whole winter.“ 

In the laſt place, I ſhall obſerve, that ſuch as are skilful in perfuming 
of gloves imbue them with but an inconſiderable quantity of odoriferous 
matter; yet I have long had by me a pair of ſpaniſh gloves, which, in 
different 499 o have been preſerv'd near thirty years; yet are, at pre- 
ſent, ſo well ſcented, that they probably will continue fragrant for many 
years longer. Now, as ſuch gloves cannot have been carried from one 

lace to another, or ſo much as uncover d in the free air, without dif- 
— a fragrant atmoſphere; we muſt conclude thoſe odoriferous ſteams 
to be unimaginably ſubtile, that cou'd, for ſo long a time, iſſue out in 
ſuch ſwarms from a little perfum'd matter lodgd in the pores of a 
glove, and yet leave it richly ſtock'd with particles of the ſame nature; 
tho” I never, ſince I had them, ſo much as ſhut them up in a box. 
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SECT. II. 


, 'HOSE who truſt too much to the negative informations of their 
ſenſes, without ſufficiently conſulting their reaſon, have common- 
ly but a ſlight opinion of the power and efficacy of effluvia ; 

imagining that ſuch minute corpuſcles, as are not uſually able to work 

upon the tendereſt and quickeſt of the ſenſes, cannot have any conſide- 

Fable operation upon their bodies. But this ſuppoſition is as ill grounded 

as it is prejudicial: for tho', ceteris paribus, the greatneſs of bodies, in moſt 

caſes, contributes to that of their effect upon others; yet matter being, 

in its own preciſe nature, an unactive ſubject, one part of the maſs acts 

upon another, only upon account of its motion, whoſe operations are 
facilitated, and otherwiſe diverſiſied by the ſhape, ſize, ſituation and 

texture, both of the agent and of the patient. And therefore, if cor- 

puſcles, tho very minute, be numerous enough, and have a competent 

degree of motion, they may, eſpecially if fitly ſhaped, when they meet 

with a body diſpoſed to admit them, and receive their impreſſions, per- 

form ſuch things in the patient, as viſible and much groſſer bodies, but 

” Bp 1 conveniently ſhaped and moved, wou'd be utterly unable to 
Sis of one beg There are at leaſt fix ways, by which the effluvia of a body may re- 
S n maxkably operate upon another; as, 1. By the great number — 
4 es 
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which they excite, or occaſion, in the body they work upon, according 
to its ſtructure. 6. By the fitneſs and power they have to make them- 
felves be a in their operation, by the more general agents of the uni- 
verſe. And tho there are ſeveral cafes, wherein a body, that emits par- 
ticles, may notably affect another body, by one of theſe ſingle ways; yet 


* the great effects are uſually produc'd by the aſſociation of two, three, or 
more of them: ſo that when I inſiſt upon one, I muſt not be underſtood to 


exclude the reſt. 
Now, fince, as we have ſeen, the effluvia of a body may be extremely mi- 


of them : and that the number of agents may, in many cales, ſupply their 


| want of bulk, eſpecially where they jointly a&, or reſiſt, appears from 
* ſome familiar inſtances. 


We ſee, that not only the leſſer land- floods that overflow the neigh- 


* bouring fields, but thoſe terrible inundations, which ſometimes drown 


whole countries, are made by bodies, ſingly ſo ſmall and inconſiderable 


| as drops of rain, when they continue to fall in thoſe multitudes, we call 


ſhowers. So the aggregates of ſuch minute bodies, as grains of ſand, 


| being heap'd together in ſufficient numbers, make banks whereby the 


greateſt ſhips are ſometimes ſplit, and, in moſt places, the ſea itſelf is 


| bounded. And tho' a ſingle corn of gun-powder, or two or three toge- 


ther, are not of force to do much miſchief; yet two or three barrels of 
thoſe corns, taking fire together, are able to perform prodigious things. 
Aqueous vapours are look'd upon as the leaſt active efluvia we know; yet 
when multitudes of them are, in rainy weather, diſpers'd thro' the air, 
and thereby qualify'd to work on the bodies expos d to it, their opera- 
tions are very conſiderable, not only in the diſſolutions of ſalts, and the 
putrefactive changes of many bodies, but in the ſwelling they cauſe in 
oak, and other ſolid wood; as appears by the difficulty we often find in, 
and before, rainy weather, to ſhut and open doors, boxes, and other 
pieces of wood-work, that were, before, fit enough for the cavities where- 
to they had been adjuſted. The ſtrings of viols, and other muſical inſtru- 
ments, are ſometimes ſtrong enough to ſuſtain conſiderable weights; yet, 
if left ſcrew'd to their full tenſion, they are often broken by the moiſt 
weather, with great impetuoſity and noile. 

To try what a number of aqueous ſteams might do, I caus'd a long 
ſlender rope, which was, in part, ſuſtain'd by a pully, to have a weight 
of lead ſo faſten'd to the end of it, as not to touch the ground; and af- 
ter the weight had leiſure allow d it to ſtretch the cord, as far as it 
cou'd, I obſery'd, that, in moiſt weather, the watry particles, that in- 
viſibly abounded in the air, ſo affected and ſhorten'd the rope, as to 
make it lift up the weight, which was abour an hundred pounds. 

Vor. I. H hh The 
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puſcles emitted. 2. By their penetrating and pervading nature. 3. By Parsics, 
their celerity, and other modifications of their motion. 4. By the fit- 
' neſs and indiſpoſition of their bulk and ſhape, to the pores of the bodies 
they are to act upon. 5. By the motions of one part upon another, 


The member of 
| agents may ſep- 
nute; a ſmall portion of matter may, conſequently, emit great multitudes oy om 
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Pavsrcs. The inviſible ſteams iſſuing out of the walls of a newly plaiſter d room, 
A wherein there is a charcoal fire, are not ſenſibly prejudicial to thoſe who 
make but a ſhort ſtay therein; but we have many inſtances of perſons, who 
lying for a night in ſuch rooms, have been found dead in their beds, the 
next morning ; being ſuffocated by the multitude of noxious vapours e- 
mitted, during that time. | 

Tis proper to obſerve, that effluvia are not emitted from bodies, all 
at once, as ſhot is from a gun; but iſſue from it, as the vapours out of 
a well-heated zolipile, or waters out of a ſpring-head, in continued 
ſtreams, wherein freſh parts {till ſucceed ; ſo that tho* as many effluvia 
of a body, as can be ſent out at one time, were numerous enough to act 
but upon the ſuperficial parts, yet the efflux of the next minute may get 
in a little farther; and each ſmalleſt portion of time admitting of freſh 
recruits, whilſt, perhaps, the ſteams already enter'd are urg'd on, the 
particles may, at length, get into a multitude of the pores, and penetrate 

to the very innermoſt parts of the body. 
ibu That the ſubtile and penetrating nature of effluvia, may, in many 
penerrating. Caſes, co-operate with their multitude, in producing notable effects; and 
| that there are effluvia of a very piercing nature, will appear from ſeve- 
ral examples. For, not only the inviſible ſteams of good Agua fortis, and 
2 of nitre uſually, in a ſhort time, and, in the cold, ſo penetrate 
the corks, wherewith the containing glaſſes were ſtopp d, as to reduce them 
to a yellow pulp; but alſo, exhalations of mercury have been, ſometimes, 
found in the form of coagulated, or even of running mercury, in the 
heads, or very bones thoſe gilders, or venereal patients, who have 
been too long, or too raſhly, expoſed to the fumes of it; tho* they never 
took quick-filver in its groſs ſubſtance. Chymiſts too often find in their 
laboratories, that the ſteams of ſulphur, antimony, arſenic, c. are 
able to make thoſe ſtagger, or, perhaps, ſtrike them down, who care- 
leſly unlute the veſlels wherein they had been diſtill'd or ſublim'd; of 

which I have known many ſad examples. 
And, of the penetrancy even of animal ſteams, we may eaſily be perſuad- 
ed, if we conſider how ſoon, in many plagues, the contagious, but inviſt- 
ble exhalations are able to reach the heart, or infe& other internal parts; 
for tho', in many of theſe caſes, the blood helps to convey the infection, 
yet ſtill the morbific particles muſt get into the body, before they can infect 
the maſs of blood. And in thoſe ſtupefactions, caus'd, at a diſtance, by the 
rorpedo, the parts principally affected, ſeem to be the nervous ones of the 
hand and arm, which are of the moſt retired, and beſt fenced parts of thoſe 
members. And I make a ſpirit of ſal-armoniac, whoſe inviſible ſteams, 
unexcited by heat, are of ſo piercing a nature, as ſtrongly to affect the 
eyes, ard noftrils, and throats, and ſometimes the ſtomachs too, of 
thoſe they invade ; and when a great cold has fo clogg'd the organs 
of ſmelling, that neither ſweet nor fetid odours wou'd at all affect 
them; theſe piercing ſteams have not only, in a few minutes, made 


themſelves way, but ſo-open'd the paſlages, that ſoon after, the ot 
has 
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has been able to ſmell other things alſo. And, by the ſame penetrating Paysrcs. 
ſpirit, a perſon of quality was reſtored to the faculty of ſmelling, hic. 
he had loſt for ſeveral years. Nay, the ſteams of water itſelf, aſſiſted by 
warmth, are able to diſſolve the texture even of hard and ſolid bodies, 
that are not ſuſpected to be ſaline; as appears by the philoſophical cal- 
cination, wherein ſolid pieces of harts-horn are brought to be eaſily 
crumbled into powder, by being hung over water, whilſt its ſteam 
riſes in diſtillation, and without the help of furnaces. The exhalations, 
that uſually ſwim every night in the air, and almoſt every night fall to 
the ground in form of dews, are, in many places of the torrid zone, of ſo 
penetrating a nature, that, as eye-witneſſes have inform'd me, they 
wou'd, in a very ſhort time, make knives ruſt in their ſheaths, ſwords in 
their ſcabbards, and watches in their caſes, if not conſtantly carry'd 
in the pocket. And 1 have known, even in England, ſeveral hard bo- 
dies, into which the vapours, floating in the air, have inſinuated them- 
ſelves ſo far, as to make them friable throughout. 

But to ſhew that the penetrancy and the multitude of effluvia may e 

tly aſſiſt each other, we muſt not uſually look upon effluvia as ſwarms 7 
of corpuſcles, that only beat againſt the outſides of the bodies they in- 
rade; but as particles, which, by reaſon of their great, and frequently 
recruited numbers, and by their extreme ſmallneſs of parts, inſinuate 
themſelves, in multitudes, into the minute pores of the bodies they in- 
rade, and often penetrate to the innermoſt of em; ſo that, tho* each ſingle 
corpuſcle and its diſtin& action be inconſiderable, in reſpect of the multi- 
tude of parts that compoſe the body to be wrought on ; yet a vaſt number 
of theſe little agents, working together upon a correſpondent number of 
the ſmall parts of the body, they may well have powerful effects upon it. 
Thus the rope, before-mention'd, wou'd not, probably, have been enabled 
to raiſe ſo great a weight, tho a vehement wind had blown againſt it, 
to make it loſe its perpendicular ſtraitneſs; but a vaſt multitude of 
watry particles, getting by degrees into its pores, might, like an innume- 
rable company of little wedges, ſo widen them, as to make the hempen 
threads ſwell ſo forcibly, that the depending weight cou'd not hinder the 
ſhortening of the rope. I have, more than once, known ſolid, and even 
heavy mineral bodies burſt in pieces by the moiſture of the air; tho' we 
kept them, within doors, carefully ſhelter'd from the rain. 

That the celerity of the motion of numberleſs very minute bodies will , 70 
have very great effects, may be argued from the wonderful phenomena of 
fired gun-powder, Aurum fulminans, flames that inviſibly touch the bodies 
they work on, whirl-winds, and thoſe ſtreams of inviſible exhalations, and 
other aerial particles we call winds. 'That the corpuſcles whereof odours 
conſiſt, ſwim abour in the air, as in a fluid vehicle, may be eaſily prov'd. 
But the motion of the effluvia of ſome ſufficiently odorous bodies, has 
too little celerity to make a ſenſible impreſſion on the organs of ſmelling, 
unleſs the ſteams be aſſiſted to beat more forcibly upon the noſtrils by 
the air, which hurries them along with it, when it ſtreams into their ca- 
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Pursics. vities in the act of inſpiration. Thus we ſee, when the noſtrils. of ſet- 
. ting-dogs are turn'd to the wind, the current of the air drives the 
ſcent of the game, more forcibly, upon the organ. 
That a briskneſs of motion is requiſite, and greatly conducive to ele- 
ctrical attractions, appears from the neceſſity we uſually find by rubbing 
amber, jet, &c. to make them emit thoſe ſteams, by which, tis highly 
probable, their action is perform'd.; and this attrition, I conceive, makes 
a reciprocal motion amongſt the more ſtable parts, and therby, as 'twere, 
diſcharges and ſhoots out the attracting corpuſcles. That theſe are ac- 
tually emitted, appears from an obſervation I long ſince made; Which 
was, that if when we took a vigorouſly excited electric, we did, at a 
certain juncture of time, place it at a juſt diſtance from re pros whe 
or other light body; the hair, Oc. wou'd not be- attracted to the ele- 
Eric, but be driven away from it, as it ſeem'd, by the brisk ſteams that 
iſſued out of the electric body. 3 
There is a certain ſubſtance, which, being made by diſtillation in the 
cold, emits only a very mild and. inoffenſive ſmell; but when the veſſel, 
that contains it is heated, tho no ſeparation of conſtituent. principles ap- 
pears to be thereby made, the-effluvia will be ſo alter'd,. that one, who, 
to ſatisfy his curioſity, wou'd needs be ſmelling to it, when 'twas heat- 
ed, declared, he thought the ſteams wou'd have kill'd. him; and that 
— of ſpirit of ſal-armoniac were nothing near ſo piercing as 
ele... 
., Other medifcs- And. among ſolid bodies, there are ſome, which, tho abounding much 
ms — in a ſubſtance wherein rank ſmells principally. reſide, yet are ſcarce, at 
all, ſenſibly odorous; but, upon rubbing. o them a little, one againſt 
the other, ſo dart out their emiſſions, as in a minute or two, to make a 
very offenſive ſmell, | 
And, as the celerity. ob motion may thus give vigour to the exhalations 
of bodies; ſo there may be other modifications of motion that contribute 
to the {ame thing. For not only greater bodies operate differently, ac- 
cording to particular modifications; but even in ſmall. particles them - 
ſelves, it. cannot be all one, as to their effe&s, whether they move with 
or without rotation, he ther in ſuch a particular line, whether with or 
without undulation, trembling, or ſuch a kind. of conſecution; and, in 
ſhort, whether the motion have, or have not, this or that particular mo- 
ditication ; which, how much it may diverſify, the effects of the bodies 
moved, appears by the motion, that the aerial particles are put into, by 
muſical inſtruments. For, tho” the effects of harmony, diſcord, and pe- 
culiar ſounds, be ſometimes very great, not only in human bodies, but 
in ſuch as are inorganical; the Whole efficacy of mulic and of ſounds, 
that are not extraordinary loud and different, ſeems to depend upon the 
different manners of motion whereinto that air is put, which. makes the 
immediate impreſſion on our organs of hearing. ü 
oa . of As for celerity, and other modes that diverſify the motion of effluvia, 
Aub, I ſhall only, in this piace, take notice of thoſe effects of lightning, * 
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feem referable to the celerity, manner of a pulſe, to the diſtinct ſi- Pursics. 
e 


zes and ſhapes of the corpuſeles that compo 
and to the peculiar relation between the particles of that matter, and 
the ſtructure of the bodies they invade. Many ſtrange things reported, 
as the effects of what the Latixs call fulmen, are merely fabulous; but 
others are not ſo: ſome of which I have been an eye-witneſs of, within 
leſs than a quarter of an · hour after the thing has happen d. And tho” 
it be very difficult to explain, particularly, many of theſe true phenomena; 
et it ſeems warrantable enough to argue from them, that there may be 
agents ſo qualified, and ſo ſwiftly mov d, that, notwithſtanding they are 
ſo exceedingly minute, as is neceſſary to make up a flame which is a 
fluid body, they mult, in an imperceptible point of time, pervade ſolid 
bodies ; and traverſing ſome of them, without violating their texture, 
burn, break, melt, and produce other very great changes, in bodies, 
that are fitted to be wrought on by them. I was once ſhewn, as a 
great curioſity, a fine pair of drinking-glaſſes, ſomewhat ſlender, but 
very tall, which ſeem'd deſign'd to reſemble one another: but, before I 
ſaw them, the reſemblance was mueh leſſen d by the lightning which fell 
between them, in ſo ſtrange a manner, without breaking either, that I 
eou d perceive: it had a little alter'd the figure of one of them, near the 
lower part of the cavity; but the other was ſo bent, near the ſame 
place, as to make it ſtand quite awry, in a ſurprizing poſture. It alſo 
appears ſtrange to me, that nature ſhou'd, in the free air, make of per- 
haps inviſible exhalations, ſuch an aggregate of corpuſeles, as, without 
breaking the frail body of the glaſſes, had a power, in its. paſſage thro” 
them, that is, in the twinkling of an eye, to melt them; which, even in 
our reverbatory furnaces, wou'd require a conſiderable time to do. 
Upon hearing a clap of thunder, 1o near at hand, that I judg d ſome of 
the neighbouring places to be ſtruck; I ſent preſently to make inquiry, 
and immediately repair'd to the houſe where the miſchief was done, by 
ſomething, which, thoſe, who pretended to have ſeen it coming thither, at- 
firm'd to be like a flame, moved very obliquely. But obſerving narrowly 
what had happen'd in an upper room, where it firſt fell, I ſaw that it had, 
in more than one place, melted the lead in its paſſage, without breaking 
the glaſs caſements, or burning the bed, hangings, or any other combu- 
ble goods, tho', near the wirdow, it had thrown down a large part of a 
wall, through which it ſeem'd to have made its paſſage in or out. And 
having curiouſly pry'd into the effects of the fulmen, in other places 
of the houſe beneath, in whoſe loweſt parts it ſeem'd to have ended its 


courſe; I cou'd not but eonclude, that, if it were the ſame fulmen, it. 


muſt, more than once, have gone in and. out of the houſe; and that the 
line of its motion was not reducible to any curve or mix'd line E had met 
with; but that it moved. to and. fro, in an irregular manner,, not unlike. 
the wrigling of fire-ſquibs. I ſhall only add, tis a known tradition, 
which my own obſervations. heedfully made ſeem, now and then, to con- 


firm, that vehement thunder, if beer be not very ſtrong, will uſually turn 
| it. 


the deſtructive matter,. 
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ParsIcs. it ſour in a day or two's time. Now, if this degeneration be not one of the 


conſequences of tlie great and peculiar kinds of the concuſſions of the air that 
happen in loud thunder, the effect may probably be aſcribed to ſome ſubtile 
exhalations diffus'd thro* the air, which, penetrating the pores of the 
wood, in veflels whoſe contexture is not very cloſe, imbue the liquor with 
a kind of acetous ferment. For, conſidering that the pores of glaſs are 
ſo cloſe, as to be impervious to the ſteams, or ſpirituous parts of ſulphur, 
as well as to other odorous exhalations ; I thought it worth trying, whe- 
ther there be any ſulphureous teams, or other corpuſcles diffus'd thro' the 
air, in the time of thunder, that wou'd not be too groſs to get in at ſuch 
minute pores as thoſe of glaſs. And,accordingly, having hermetically ſeal'd 
up both beer and ale a- part, I kept them, in the ſummer-time, till there 
happen d a great thunder, for a day or two; after which, the beer that 
we, in common, drank, which was good before, being generally complain 'd 
of, as turn d ſour by the thunder, I ſuffer d my liquors to continue at 
leaſt a day or two longer, that the ſouring ſteams, if any ſuch there 
were, might have time enough to operate upon them; and then, breaking 

. 8 tho' we had purpoſely forborn fil- 
ling the glaſſes, to facilitate the degeneration. The method of prevent- 
ing the ill effects of thunder upon barrel'd liquors, if it conſtantly ſuc- 
ceed, deſerves alſo to be here conſider d. This method conſiſts in place- 
ing a chafing-diſh of live coals, at a convenient diſtance, under the bar- 
rels, when the thunder ſeems likely to begin. | 


Efinvia my The fifth way wherein effluvia, may have conſiderable effects, is the 
er, by exciting motion of one part upon another, that they may excite or occaſion in the 
a communicative 
motion in bodics. 


body they work on, according to its ſtructure. But I here propoſe to 
ſhew, their efficacy, upon this account, only on organical and living bodies: 
tho* even inanimate and ſolid bodies may be of ſuch a ſtructure, as to 
receive great alterations from the appropriated effluvia of others; as may 
be inſtanc'd in the power, that IT have known, of ſome vigorous load- 
ſtones, to take away, in a trice, the attractive virtue of an excited needle, 
or giving a verticity, dire&ly contrary to the former, without ſo much as 
touching it. | 1 

The load-ſtone, alſo, affords an eminent example of the great power 
of a multitude of. inviſible effluvia from ſmall bodies, upon ſuch as are 


inorganical or lifeleſs ; for ſuppoſing magnetiſm to be perform'd by cor- 


real emiſſions, we may conſider, that theſe, paſſing unreſiſted, through 
the pores of all ſolid bodies, and even glaſs itſelf; which neither the moſt 
ſubtile odours, nor electrical exhalations are obſery'd to do; ſeem to be 
almoſt incredibly minute, and much ſmaller than any other effluvia, tho 
thoſe are inviſible ; yet ſuch incomparably little magnetical ſteams, pro- 
ceeding from vigorous load-ſtones, will be able to take up conſiderable 
quantities of ſo ponderous a body as iron“. And J have ſeen a load- 


* An experiment made by Mr. Hauksbee,| from it, ſhews, that effluvia, acting with force 
whercin the attrition of one glaſs body, pro-| and vi our, may perform the office of ſolid bo- 
duces a continued light on another, at a diſtanceſ dies. See Hanks, Experim. p. 9 
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ſtone, not very large, which wou'd keep a weight of iron ſuſpended, 
that I cou'd hardly raiſe with one arm ; and another little one, with 
which J cou'd take up above 80 times its own weight. And theſe efflu- 
via do not only, for a moment, faſten the iron to the ſtone, but keep it 
ſuſpended, as long as one pleaſes. 

But the chief effects of effluvia, here to be conſider d, are produced 
upon animals, which by virtue of their curious and elaborate — 
have their parts fo connected, and otherwiſe contriv'd, that the motions 

or changes made in one, may have, by the conſent of parts, a manifeſt 
operation pod others, tho', perhaps, very diſtant from it. 

And, firſt, tis plain, that our organs of ſmelling are ſenſibly affected 
by ſuch minute particles of matter, as the fineſt odours confiſt of. Nor 
do they always affect us preciſely, as odours, ſince many perſons, both 
men and women, are by ſmells, either ſweer or fetid, put into troubleſome 
head-aches. If it were not ordinary, it would ſeem incredible, that the 
ſcenr of a pleaſing perfume ſhou'd preſently produce in a human body, 
that immediately before was well and ſtrong, ſuch faintneſs, ſwoonings, 
loſs of ſenſible reſpiration, intumeſcence of the abdomen, convulſive mo- 
tions of the limbs, and many other frightful ſymptoms, that by the 
unskilful are often taken for the effects of witchcraft, and wou'd impoſe 
upon phyſicians themſelves, if experience did not furniſh them with e 
amples of the like phenomena, produc'd by natural means. Theſe ſymp- 
toms manifeſt what the conſent of parts may do in a human body; ſince 
even morbific odours, by immediately affecting the organs of ſmelling, af- 
fe& ſo many other parts of the Genus nervoſum, as — to produce 
conyulſions in the exreme parts of the hands and feet. 

But the efficacy of effluvia is not confin'd to produce hyſterical fits: 
theſe inviſible particles may be able ſuddenly to appeaſe them; as I have 
very frequently try'd, by holding the ſpirit of ſal-armoniac under the 
noſtrils of perſons thus affected, | 

I attribute the operations of theſe ſteams rather, in general, to the 
conſent of the parts that make up the Genus nervoſum, than to any hid- 
den ſympathy or antipathy, berwixt them and the womb ; becauſe I have 
known odours product conſiderable effects upon men. I am acquainted 
with a gentleman of a ſtrong conſtitution, but confiderably ſanguine, who 
is put into violent head-aches by the ſmell of musk. And I, being one day 
with him, and a great many other perſons of note, about a public affair; 
a man, who had a parcel of musk about him, making application to us, this 
gentleman was ſo diſorder'd by the fmell of it, which to moſt of us 
prov'd delightful, that he was reduced to make us an apology, and ſend 
the perfum'd man out of the room; notwithſtanding which, he for a 
conſiderable time after, complain'd to me, of a violent pain in his head, 
which, I perceiv'd, had unfitted him for the tranſaction of the affair, 
whereof he was to be the chief manager. I know another perſon, who 
is ſubje& to the head- ach upon fo mild a ſmelt as that of damask roles, 


and, ſometimes, even of red roſes; fo that walking one day with him in 
a gar- 


413 


Payscs, 


Partienlavly in 
thoſe of men, 


424 

Pursics. a garden, tho the alleys were very large, ſo that he might eaſily kees 

end hiSſelf at a diſtance from the roſe-buſhes ; he — hn off * lit. 
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courſe we were engaged in, complain'd of the ce the perfume gave 
to his head, and deſir d me to pals into a walk, that had no roſes groy- 
ing near it. I alſo know a diſcreet lady, to whom the ſmell of roſes is 
not unpleaſing, but fo hurrful, that it preſently makes her ſick, and 
wou'd make her ſwoon, if not ſeaſonably prevented. 

And, as odours may thus give men the head-ach, ſo I have often found 
the rectifſied ſpirit of ſal-armoniac, to free both men and women from 
the fits of that diſtemper ; and ſometimes, all of a ſudden. And tho' 1 
have not always found ſo ſlight a remedy to work the deſir'd cure, yet 
that doing it often, even in men, is ſufficient ro ſhew the efficacy of 
medicinal effluvia. | 

Tis a known thing, that women with child have been often made to 
miſcarry, by the ſmell of an ill extinguiſh'd candle; tho', perhaps, the 
ſmoke, aſcending from the ſnuff, was diſſipated into inviſible corpuſcles, 
long before it arriv'd at the noſtrils of the women : and what violent mo- 
tions, abortions, are frequently accompanied with, | need not ſay. 

I am acquainted with a phyſician, who, having for a long time, when 
young, been compell d to take lenitive electuary, one of the gentleſt 
and moſt pleaſant laxatives of the ſhops, conceiv d ſuch a diſlike of it, 
that ſtill, as himſelf aſſures me, if he ſmell to it, it will work both up- 
awards and dowawards with him. Another very ingenious perſon, of the 


| ſame faculty, has complain'd to me, that the ſmell of the greaſe, uſed 


to the wheels of a hackney-coach, tho' the coach do but paſs by him, 


makes him ready to vomit. 


Every body knows, that ſmoke is apt to make mens eyes water, and ex- 
cite, in the crgans of reſpiration, that vehement commorion, call'd coughing, 
But we need not have recourſe to viſible fumes for the product ion of the 
like effects; ſince we have often obſerv'd them, together, with repeated 
ſneezings, to proceed from the inviſible ſteams of ſpirit of ſal- armoniac, 
when only ſmall vials, containing that liquor, were put too near, or too 
haſtily to the noſtrils. In the foregoing inſtances, the chief effects ſeem 
to be produced by the conſent of parts on the Genus wervoſum, and 
the action of one of them upon the other; but the following is of a mild 
and grateful odour, upon the humours themſelves. ; 

A famous apothecary, who is a very tall, luſty man, ſeveral times told 
me, that tho he was once a great lover of roſes; yet, having occaſion 
ro employ great quantities of them, at a time, their * have fo alter d 
him, that, if he now comes among the roſe-buſhes, the ſmell greatly diſ- 
compoſes him. And the odour of” damask-roſes, produces ſuch a flux of 
humours in his head, that it ſets him a coughing, running at the noſe, 

ives bim a ſore throat, and makes his eyes tore ; ſo that during the ſea- 


Jon of roſes, when quantities of them are brought to his houſe, he is ge- 


nerally oblig'd to be abſent. 
And 
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HE effluvia of bodies being, for the moſt part, inviſible, they 

have been very little conſider d, by vulgar philoſophers; who ſcarce 

taking notice of their exiſtence, tis no wonder that their diſtin& 
natures and differences, ſhou'd be unknown. +. Ariſtotle and the ſchools 
imagine, indeed, that the two grand parts of our globe do, ſometimes, e- 
mit two kinds of exhalations or ſteams : the earth affording thoſe that 
are hot and dry, which they name fumes, and very often, ſimply, exha- 
lations ; and the water others that are hot and moiſt, which they, uſual- 
ly, call vapours, to diſtinguiſh them from fumes ; tho', otherwiſe, theſe 
appellations are frequently confounded. 


The determinate 


natwe of effla- 


4.25 
And as effluvia thus cauſe one part of a living engine to work upon Paysrcs. 
another, by virtue of its ſtructure, ſo the action of ſuch inviſible agents, 
may, often, be much promoted by the fabric, and laws of the univerſe 
itſelf; for by operating upon particular bodies, they may diſpoſe, and, 
now, firſt quality them to be wrought upon by light, magnetiſm, the at- 
moſphere, gravity, or ſome other of the more univerſal agents of nature. 


via. 


But, beſides ſuch ſlight and obvious differences, the ſteams of bodies 22 


may be almoſt as various as the bodies themſelves; and, therefore, we nature of che ſub- 
ought not to look upon them, barely, under the general and confuſed no-＋4½ mi 


tion of ſmoke or vapours ; for they may probably have their diſtin& an 
determinate natures, ſuitable to that of the ſubſtance from whence they 


proceed. 


Now, conſidering that fluid bodies may be of very unequal denſity and e. 


gravity, as is evident in quick-ſilver, water, and ſpirit of wine; and yet 
agree in the conditions requiſite to fluidity ; I preſum'd, by that I cou'd 
make viſible in one, what happens, analogically, in the other, might be ocu- 
larly illuſtrated. I, therefore, took ſome ounces of roch-alum, and as much 
of fine ſalt-peter : theſe being difſoly'd together, in fair water, the fil- 
ter d ſolution was ſet to evaporate, in an open- mouth'd glaſs, and after- 
iards left to ſhoot, in a cool place, when there faſten'd to the ſides of the 
glaſs, ſeveral ſmall cryſtals, tome eight- ſided, which is the figure proper 
to roch-alum, and others of the priſmatical ſhape of pure ſalt · peter; be- 
tides other ſaline concretions, of neither of theſe two ſhapes, diſtinctly ; 
which argued them to be concoagulations of both the ſalts. And this we 
did, by uſing ſuch a degree of celerity, in evaporating the liquor, as 
was proper for ſuch an effect. For, by another degree, which is to be em- 
ploy d to recover the ſalts more diſtinctly and manifeſtly, the matter may 


be lo ordered, that the aluminous ſalt ſhall, for the moſt part, be firſt 
3 | ]11 coagulated 
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Parsics. coagulated by itſelf; and then, from the remaining liquor, curiouſ] 
———— 8 — of nitre be plentifully obtain'd, . F 

Trials, like this, we alſo made with other ſalts, and, particularly, with 
ſea-ſalt, with alum, and with vitriol. But the preſent experiment wil, 
alone, aſſiſt the imagination to conceive, how the particles of bodies may 
ſwim about in a fluid; and, tho' ſmall enough to be inviſible, many of 
them retain their diſtin&, and determinate natures, and their aptneſ; 
to cohere, upon occaſion; as others may, by their various occurſions 
and coalitions, unite into leſs corpuſcles, or greater bodies, different 
from the more ſimple particles that compoſe them; and yet not prove of 
indeterminate, tho' compounded figures. 

end treved fy, And now we may proceed to particular inſtances of the determinate 
— nature of effluyia. In the firſt place then, that the effluvia of many bo- 
dies, often, retain a determinate nature, in an inviſible ſmallneſs, and, 
oftner, in ſuch a ſize, as renders them little enough to fly or ſwim in 
the air, may appear from hence, that theſe effluvia being, by conden- 
ſation, or otherwiſe,” re- united, they prove of the ſame nature with 
the body that emitted them. Thus, in moiſt weather, the vapours of 
water, that wander inviſibly through the air, meeting with marble pil- 
lars, pavements, @c, by their coldneſs, and other qualifications, fit to 
condenſe and retain them, appear again, in the form of drops of water; 
and the ſame vapours return to the viſible form of water, when they fall 
out of the air in dews, or rains. 

Quick-ſilver itſelf, if made to aſcend in diſtillation, with a convenient 
degree of fire, will, almoſt wholly, come over, in the form of —_— 
mercury; which ſtrange and penetrating fluid, is, in ſome caſes, ſo dit- 
poſed to be ſtripp'd of its diſguizes, and appear again in its own form, 
that many artificers, and, eſpecially, gilders, will tell us, that the fumes 
of it need not be, as in diſtillation, included in cloſe veſſels, to return to 
their priſtine nature ; real mercury having been, ſeveral times, found in 
the heads, and other parts of thoſe, who have dealt much in it. And, 
tis a common practice, both among gilders, and ſome chymiſts, when 
they have occaſion to make an amalgam, or force away the mercury 
from one, by the fire, to keep gold in their mouths, which by the mer- 
curial fumes, that wander through the air, will, now and then, by that 
time tis taken out, be turn'd almoſt white, as if it had been ſilver'd over. 
A mals of purified brimſtone being ſublim'd, the aſcending fumes wil 
condenſe into what the chymiſts call Flores ſulphuris, which is true ſul- 
phur, of the ſame nature with that formerly expos'd to ſublimation; and 
may, readily, by melting, be reduced into ſuch another maſs. And, by 

| ſubliming good camphire, in cloſe veſſels, I found it wou'd all, as to ſenſe, 
| be rais d into the upper veſſel, in the form of dry camphire, as it was 

before. Nay, tho' a body be not by nature, but by art, compounded of 
ſuch different ſubſtances as a metal, and another mineral, and two or three 
ſalts; yet if, upon purification of the mixture, from its groſſer parts, 


| the remaining and finer parts be minute enough, and fitly ſhap'd, 3 
whole 
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whole liquor will aſcend ; yet, in the receiver, altogether recover its pri- Pnrsics. 
ſtine form of a tranſparent fluid, compos'd of different ſaline and mine 


ral parts. This is evident in the diſtillation of what chymiſts call butter 
or oil of antimony very well rectified. For that liquor will paſs into the 
receiver, tranſparent and fluid, tho', beſides the particles of the ſublimate, 
it abounds with antimonial corpuſcles, carried over and kept inviſible by 
the corroding ſalts. I found too, by inquiring of one who had an inte- 
reſt in a tin-mine, that tin itſelf, tho” a metal, whoſe ore is of a difficult 
fuſion, and which I have, by itſelf, kept long upon the cupel, without 
perceiving it tofly away, wou'd yet retain its metalline nature, in the 
torm of fumes, or flowers. And I have myſelf, more than once, rais'd 
this metal in the form of white corpuſcles, by the help of half its quan- 
tity of an addition. | 


A ſecond way, whereby we may diſcover the terminate nature of 2 ethers, of the 


difference obſerva- 
ble in their ſeuſi · 


qualities. For, tho' the effluvia that are endow'd with them, proceed “% e 


efluvia, is, from the difference, ſometimes, obſervable in their ſenſible 


the ſame ſort of bodies ; yet thoſe afforded by one body, being, in many 
caſes, manifeſtly different from what fly off from another, argues their 
retaining diſtin& natures, according to thoſe of the reſpective bodies 
whence they proceed. 

I will not examine, whether in the ſteams made, viſibly, to aſcend from 
the terreſtrial globe by the ſun, and the agitation of the air, the eye can 
manifeſtly diſtinguiſh a diverſity of colours ; but of ſome productions 
of art, ſuch different colours may be diſcover'd in the exhalations, even 
without the application of any external heat to raiſe them. Thus, when 
ſpirit of nitre, for example, has been well re&ified, I have often obſerv'd, 
that, even in the cold, the fumes wou'd play ip the unfill'd part of the 
ſtopp'd vial it was kept in, and appear of a reddiſh colour; and if the veſ- 
ſel were open'd, the ſame fumes wou'd plentifully aſcend .into the air, in 
the form « 5 a reddiſh or orange-tawny ſmoak. Spirit, or oil of ſalt, alſo, 
if it be well rectifi d, tho' it will ſcarce, in the cold, viſibly aſcend in 
the empty part of a vial, whilſt kept well ſtopp'd ; yet if the air be al- 
low'd free acceſs to it, will fly up in the form of a whitiſh fume. But 
this is inconſiderable, in compariſon of what happens in a volatile tin- 
cture of ſulphur, made with quick- lime; for, not only upon a flight oc- 
caſion, the vacant part of the vial will be fill'd with white fumes, tho' 
the glaſs is well ſtopp'd, but, upon opening the vial, theſe fumes will 
largely paſs out at the neck, and aſcend into the air, in the form of an 
exceeding white ſmoak. And both this, and the ſpirit of nitre, by their 
operations, as well as ſmell, diſcover what they are; ſo that having, in 
a fitly-ſhap'd glaſs, caught a competent quantity cf the aſcending white 
fumes, I fund them to have conven'd into bodies tranſparent, and geo- 
metrically figur d; wherein 'twas eaſy to obſerve, from their ſenſible 
qualities, that there were numerous ſulphureous particles mix d with the 
faline ones. That the liquors of vegetables, diſtill'd in balneo, or in 


water, uſually, retain nothing of the colour of the bodies that aftorded 
Iii them, 
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Parsrcs, them, is obvious, in diſtillations made without retorts, or a violent fire; 
A but it may be worth while to try, whether the eſſential oil of worm- 
wood aſcend colour d, like the plant, when ,'tis firſt drawn over with 
water in the limbec, or rectified in balneo, In a firſt diſtillation of this 
plant, in a copper limbec tinn'd on the inſide, I once found the oil came 
over green, and was not, by a rectification, purpoſely made in a glaſs 

veſlel, depriv'd of that colour. 

And tho' eſſential oils be but effluvia of the vegetables they are di- 
ſtill d from, condens d, in the receiver, into liquors ; yet, notwithſtanding 
their ſubtilty, many of em retain the genuine taſte of the bodies whence 
the heat elevates them. And wormwood is a plant, whoſe effluvia fo re- 
tain the nature of the body, from whence they proceed, that coming in- 
to a room, where a quantity of it was kept, not _ the organs of ſmel- 
ling were, powerfully, ſtruck by the corpuſcles which ſwarm'd in the air; 
but alſo the mouth was ſenſibly affected with a bitter taſte. And I have 
found the expirations of amber, kept a while in pure ſpirit of wine, 
taſte upon the tongue, like amber it ſelf, when chew d between the teeth, 
Bur the expirations I have obtain'd from amber, both with pure ſpirit of 
wine, and a more piercing menſtruum, manifeſtly retain'd the peculiar 
{ſmell wherewith that ſubſtance affects the noſtrils, when its electrical fa- 
culty is excited by rubbing. And, as for odours, tis plain, that the eſ- 
{ential oils, well drawn, do many of them retain the peculiar and ge- 
nuine ſcent of the ſpices, or herbs, that afford them. And that theſe o- 
dours really conſiſt of, or reſide in, certain inviſible corpuſcles flying oft 

neh ward be from the viſible bodies, ſaid to be of ſuch ſmells, may ſufficiently ap- 
the human fed pear from their ſticking to many of the bodies they meet with, and 
_- mere acute. their laſting adheſion to them. 

Other examples may be given of the ſettled difference of effluvia, dire- 
&ly perceivable by human organs of ſenſe ; but I ſcarce doubt, if our organs 
were extremely tender, that they might, immediately, perceive in the ſize, 
ſhape, motion, and, perhaps, colour too, of ſome effluvia, which are now 
inviſible, as diſtinguiſhable differences, as our naked eyes, in their preſent 
conſtitution, ſee between the different ſorts of birds, by their appearance 
and manner of flight. In fine white ſand, whoſe grains, to the naked 
eye, are not, uſually, diſtinguiſh'd by any ſenſible quality, I have, often, 

obſerved, thro' an excellent microſcope, a notable diſparity, as to bulk, 
| figure, and ſometimes colour. Nay, I have, ſometimes, ſeen a very evi- 
| dent diſparity, even in point of ſhape, between the eggs of cheeſe-mites. 
And tho' the touch is reckon'd one of the moſt dull of the five ſenſes, 
| and reputed far leſs quick in man, than in ſeveral other animals : 
| yet the groſs organs hereof, even in men, may, by accident, be fo diſ- 
| pos'd, as to be ſuſceptible of impreſſions from effluvia : and, per- 
| 


haps, ſeveral of the preſages of weather, obſervable in ſome animals, 
and the aches and other pains that, in many crazy and wounded men, 
uſually precede great changes of weather, often proceed from inviſi- 


ble effluvia, which, either from the ſubterraneal parts, or from oy 
bodies 
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bodies above ground, plentifully impregnate the air. Diemerbroeck tells puysics 
us of himſelf, that having been infected with the plague, he was, by Lou 


the application of a ſeaſonable remedy, quickly cured , without the 
breaking of any tumour ; yet it left ſuch a change in ſome parts of his 
body, that when he, afterwards, viſited ſuch as were infected with that 
diſtemper, he felt a pain in the emunctories, which advertis'd him, that 
the diſtemper was the plague. 

And an ingenious gentlewoman, of a very curious and delicate com- 
plexion, has ſeveral times aſſur d me, that ſhe can, very readily, diſco- 
ver, whether, a perſon, who viſits her in the winter, came from a place 
where there is any conſiderable my of ſhow; and this ſhe does, 
not by feeling any unuſual cold, but from ſome peculiar impreſſion, 
which, ſhe thinks, ſhe receives by the organs of ſmelling. I might 
add, that I knew, alſo, a very ingenious phyſician, who, falling into 
an odd kind of fever, had his ſenſe of hearing thereby render'd ſo 
very nice and tender, that he very plainly heard ſoft whiſpers, made 
at a conſiderable diſtance, which were not in the leaſt perceiv'd by the 
healthy by-ſtanders; nor wou'd have been by him, before his fickneſs : 
but when the fever had quite left him, he heard but as other men. I 
likewiſe, know a gentleman, who, during a diſtemper in his eyes, 
had his organs of ſight brought to be ſo tender, that both himſelf, 
and his friends, have aſſur d me, when he awak'd, in the night, he 
coud, for a while, plainly ſee, and diſtinguiſh colours, and other vi- 
ſible objects; as was, more than once, try d, by pinning ribbands, or 
the like bodies, of ſeveral colours, to the inſide of his curtains, in the 
dark. 


But there are effluvia which affect other creatures, tho they make no «$,,. mic f- 
fed not men, bat 
other creatures. 


impreſſions on men. A perſon of quality, to whom I am near allied, aſ- 
ſur'd me, that, to try whether a young blood-hound was well made, 
he caus'd one of his ſervants, who had not kill'd, or touch'd, any of his 
deer, to walk to a country town, four miles off, and then to a market- 
town three miles diſtant from that ; which done, this nobleman, a com- 
petent while after, put the blood-hound upon the ſcent of the man, and 


caus'd him to be follow'd by a ſervant or two; the maſter himſelf going 


after, to know the event; which was, that the dog, without ever ſee- 
ing the man he was to purſue, follow'd him, by the ſcent, to the a- 
bove-mention'd places, notwithſtanding the multitude of market-people 
who went along in the ſame way, — of travellers, who had occaſion 
to croſs it: and when the blood-hound came to the chief market-town, 
he paſs'd thro” the ſtreets, without taking notice of any of the people 
there, and left not till he had gone to the houſe, where the man, he 
ſought for, reſted himſelf; and found him in an upper room. An inge- 
nious gentleman aflurd me, he had dogs, of ſo good a ſcent, that if a 
buck paſs d in a wood, on one day, they will, on the next, when they 
come near where the ſcent lies, tho* at ſuch a diſtance of time, preſent- 


ly find it, and run, directly, to that part of the wood where the buck. is. 


He 
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Paysics. He alſo told me, that tho' an old blood-hound will not ſo eaſily fix on 
. the ſcent of a ſingle deer, that preſently hides himſelf in a whole herd; 


yet, if the deer be chas'd a little, till he is heated, the dog will go nigh 
d 


to ſingle him out. The ſame gentleman farther affirm'd, that he cou 


eaſily diſtinguiſh, whether his hounds were in chaſe of a hare or a fox, 
by their way of running, and holding their noſes higher than ordinary, 
when they purſue a fox, whoſe ſcent is ſtronger. Theſe relations will 
not be judg d incredible by him, who reflects on ſome of the inſtances 
we have produced, of the ſtrange ſubtilty of effluvia. And to try whe- 
ther I eou'd, in ſome meaſure, by art, imitate nature, I prepar'd a bo- 
dy, of a vegetable ſubſtance; which, tho' it were, actually, cold, and 
ſeem'd dry, both to the eye and touch, for a while emitted ſuch deter- 
minate and piercing, tho' inviſible exhalations, that, having applied to 
it a clear metalline plate, for about a minute, I found, tho' there had 
been no immediate contact between them, having, purpoſely, interpos'd a 
piece of paper to hinder it; yet, there was imprinted, on the ſurface of 
the plate, a conſpicuous ſtain of that peculiar colour, the body, with 
qwhoſe ſteams I had imbu'd the vegetable ſubſtance, was fitted to give to 
that mix d metal. And tho', in ſome circumſtances, inſtances about 
blood-hounds have a conſiderable advantage of this experiment, yet they 
loſe it again in others; for here the emitting body was firm and cold; 
but the effect produced by the effluvia that guided the dog, was upon 
the organ of a warm living creature, and ſuch an one, whoſe _ of 
ſmelling are of an extraordinary tender conſtitution, above thoſe of o- 
ther animals; and probably the impreſſion was but tranſient ; whereas, 
in our caſe, the inviſible ſteams of the vegetable ſubſtance, wrought up- 
on a body of ſo ſtrong and inorganical a texture, as a metal, fenc'd by 
being wagp'd up in paper; and yet theſe ſteams invaded it in ſuch num- 
bers, and ſo conſiderably, as to make their operation on it, permanently, 
manifeſt to the eye; for, coming to look upon the plate three days af 
= I found the colour yet conſpicuous, and not likely ro vaniſh on a 
udden. | 

Hitherto J have argu'd, from the conſtant and ſettled difference of the 
ſenſible qualities of effluvia, that they do not, always, loſe their diſtin& 
natures, when they ſeem to have loſt themſelves, by vaniſhing into 
air. But it will be alledg'd, that, in many caſes, the effluvia of bo- 
dies may, in their paſlage thro” the air, be ſenſibly alter d, or affect the 
organs of ſenſe, otherwiſe than each kind of them, apart, wou'd do. 
And, indeed, it ſeems conſiſtent with experience, that ſome ſuch caſes 
ſhou'd be admitted. However, in. thoſe I have inſiſted upon, and many 
more, ſuch alterations need not hinder, but that eMluvia, at their 
firſt parting from the bodies whence they proceed, ſhou'd retain as much 
of the nature of thoſe bodies, as we have aſcrib'd to them; ſince the 
ſubſequent change may, very probably, be deduced from the combinations 
and coalitions of ſeveral ſteams aſſociating themſelves in the air, and 


acting upon the organs of ſenſe, either conjointly, or, at leaſt ſo near 
it, 
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ir, that the ſenſe cannot perceive their operations diſtinct. Thus, in a Pars1cs. 
muſical inſtrument, if two ftrings, tun'd to an eighth, be touch'd toge= SV 
| ther, they ſtrike the ear with a ſound that will be judg'd to be but one ; 
| tho! each of the trembling ſtrings makes a diſtin noiſe, and the one 
vibrates as faſt again as the other. And if, into oil of tartar, per 
| deliquium, you drop a due proportion of {ſpirit of nitre, and exhale the 
| ſuperfluous moiſture, the acid and alkaline corpuſcles, that were ſo 
ſmall, as to ſwim inviſibly in thoſe liquors, will convene into nitrous con- 
| cretions, Whoſe taſte will be compounded of , but greatly differ from, 
both the taſtes of the acid and tartareous particles; which particles may 
| yet, for the moſt part, by a Skilful diſtillation, be divorc'd again. And 
ſo, if, to a ſtrong ſolution of | ctw. or ſalt of tartar, you put as much 
; ſal-armoniac, as there is of either of thoſe fixed ſalts contained in the 
liquor, you may, beſides a ſubtile urinous ſpirit that will eaſily come o- 
ver in the diſtillation, obtain a dry Caput mortuum, that is almoſt, totally, 
a compound ſalt, difterent from either of the ingredients, eſpecially the 
alkaline, as well in taſte, as in ſome other qualities. 
; I ſball now add a few inſtances of the coalition and reſulting change s, 
; of ſteams in the air. Tis eaſily obſervable, in a noſegay, where the ting charges of 
different flowers happen to be conveniently mix'd, that in the ſmell af“ 
| forded by it, at a due diſtance, the odour of the particular flowers are 
not perceiv'd, but the organ is affected by their joint action, which makes 
on it a confus'd, but delightful impreflion. And ſo, when in a ball of 
pomander, or a perfum'd skin, musk, civet, &c. are skilfully mix'd ; the 
coalition of the diſtinct effluvia of the ingredients, that aflociate them- 
ſelves in their paſlage thro? the air, produce, on the organ, one grateful 
perfume, reſulting from all thoſe odours. But if you take ſpirit of fer- 
mented urine, and ſpirit of wine, both of them weak, and mix them to- 
gether, they will incorporate, like wine and water, without affording 
any dry concretions : if you expoſe them, whilſt in a convenient veſlel, 
but to the mild heat of a bath, or lamp; the aſcending particles will 
aſlociate themſelves, and adhere to the upper part of the olaſs, in the form 
of a white tender ſublimate, conſiſting both of urinous and vinous ſpi- 
nts, aſſociated into a mixture, which differs from either of the liquors, 
not only in conſiſtence, taſte, and ſmell, but in ſome conſiderable ope- 
rations, And if ſpirit of ſalt, and ſpirit of nitre be, by diſtillation, e- 
levated in the form of fumes, ſo as to convene into one liquor, in the re- 
ceiver ; this liquor will readily diſſolve crude gold: tho” neither the ſpi- 
rit of nitre alone, nor that of ſalt, would do ſo. 

And, to give an ocular proof of the poſſibility of the diſtinctneſs, and 
ſubſequent commixture of — in the air, I ſhall relate an experiment. 
devis'd for that purpoſe. I took two ſmall vials, the one fill'd with 
weak ſpirit of ſalt, the other with ſpirit of fermented urine, or of ſa'- 
armoniac, very well rectifid; theſe vials being unſtopp'd, and placed at 
ſome diftance from one another, each liquor afforded its own ſmell, by 
the inviſible ſteams it emitted into the air. But when theſe vials were 

brovgat. 
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brought very near to each other, tho* not ſo as to touch, their reſpectire 
effluvia, meeting in the air, would act upon one another, and, by their 
mutual occurſions, become manifeſtly viſible, and appear moving in the 
air, like a little portion of ſmoak, or miſt; which would quickly ceaſe, 
if either of the vials were remov'd half a foot, or a foot, from the o- 
ther: And, what adds to the oddneſs of the phenomenon, I, ſometimes, 
ſuſpended a drop of the ſpirit of ſalt, at the bottom of a little ſtick of 
glaſs; and held this drop, in the orifice of a vial, containing ſpirit of ſal- 
armoniac, and furniſh'd with a ſomewhat long neck ; whereby the aſcend- 
ing urinous particles, tho” inviſible before, plentifully invading the acid 


ones of the drop, produced a notable ſmoak ; which, if the drop were 


held a little above the neck of the glaſs, would, moſt commonly, fly up- 
wards, to the height of a foot, or half a yard; but, if held ſomewhat 
deep in the hollow of the neck, a large part of the produced ſmoak 
would often fall into the cavity of the vial, which was left in great 
part empty, ſometimes in the form of drops, but uſually in that of a 
ſlender, winding ſtream, of a white colour, that ſeem'd to flow down, jult 
Hke a liquor, from the depending drop, till it had reach'd the ſpirit of 
fal-armoniac ; upon whoſe ſurface it would ſpread it ſelf, like a miſt, 
It might here deſerve to be conſider'd, whether theſe coalitions, of dif- 


guns diſeaſes, and ferent ſorts of ſteams in the air, and the changes of their particular 


their removal. 


precedent quantities, reſulting thence, may not aſſiſt us to diſcover the 
cauſes of ſudden clouds and miſts, and ſome other meteorological phe- 
nomena; and alſo of ſeveral changes that happen in the air, with re- 
gard to the coming in, and ceaſing, either of epidemical or contagious 
diſeaſes, and, particularly, the plague. For theſe ſeem to depend upon 
ſome occult temperature, and alterations of the air; which may be 
greatly impregnated by the different ſubterraneal effluvia, that often 
aſcend into it with peſtiferous, or other morbific corpulcles ; ſome- 
times with others of a contrary nature : and ſometimes too, perhaps, 
neither the one ſort of ſteams, which may be ſuppos d to have imbu'd 
the air, is, in it ſelf deſtructive; nor the other ſalutary, but become ſo 
upon their caſual coalition in the air. The judicious Diemerbroe:k tells 
us, he very often obſerved, during the great plague at Nimmeguen, that 
the diſtemper conſtantly happen'd in ſuch houtes, wherein linen was 
waſh'd with Dutch ſoap ; and that always, the ſame day, or the day 
after, two or three perſons would fall ſick together, in the ſame houſe ; 
they themſelves acknowledging, that the ill ſcent of the ſoapy water, 
wrought the firſt great change in them. He adds, alſo, that he had 
the unwelcome experience of this, in his own houſe; where, immedi- 
ately upon waſhing, moſt of the family were taken ill: but three wo- 
men fell ſick of the plague on the night following, and dy'd ſoon after. 
Now tho', perhaps, ſome other cauſe of this odd phenomenon may be 
devis'd, yet, that which I aſſign, ſeems, at leaſt, a probable one; ſince, 
as tis manifeſt, by daily experience, the ſmell, occaſion'd by the 
waſhing of foul linen, with the ſoap, commonly us'd in the Netherlands, 

pro- 
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produces not the plague ; ſo, by our author's obſervation, it appears, Pars1cs. 
gu y 


ether that there were not yet any peſtilential eſſluvia in the air of thoſe 
places, which, on occaſion of the waſhing, became infected; or, at 
leaſt, that, by the addition of the fetid eſſtuvia of the ſoapy water, 
thoſe morbific particles, that were diſpers'd thro* the air before, had not 
the power to introduce a malignant conſtitution into it, and to act as 
truly peſtilential, till they were enabled to do it, by being aſſociated 


with the ill-ſcented effluvia of the ſoap. 


Whether, alſo, ſalutary, and alexipharmic corpuſcles, may not be 
produced in the air, by coalition, might be very well worth our inqui- 
ry; eſpecially, if we had a good hiſtorical account of the yearly ceaſ- 
ing of the plague at Grand Cairo, For, as Proſper Alpinus, who practi- 
ſed phyſic there, and ſome of my acquaintance, who have been upon 
the ſpot, inform me, almoſt in the midſt of ſummer, as ſoon as the 
river begins to riſe, the plague has its malignity ſuddenly check'd, 
even in thoſe who are already infected; and ſoon after ceaſes : whence, 
if other circumſtances contradi& not, we might gueſs, that this ſtrange 
phenomenon may be chiefly occaſion'd by ſome nitrous, or other corpul- 
cles, that accompany the overflowing of the Nile; and, by aſſocia- 
ting themſelves with the noxious effluvia, diſable them from produ- 
cing their pernicious effects. Mr. Sandys takes notice, that about the 
time of the overflowing of the Nile, whoſe abounding with nitre has 
been obſerv'd, even by the ancients that, there is a certain moiſtening 
vapour diffus'd thro' the air. © To prove, ſays he, © that the over- 
* flowing of the Nile proceeds from a natural cauſe, this experiment will 
* ſuffice, Take of the earth of Egypt, adjoining to the river, and pre- 
* ſerve it carefully, that it neither come to be wet, nor waſted ; weigh 
* it daily, and you ſhall find it neither more nor leſs heavy, till the 
* 17th of June, at which day it begins to grow more ponderous, and 
* increaſes with the augmentation of the river; whereby they have an 
© infallible knowledge of the ſtate of the deluge, proceeding, without 
doubt, from the humidity of the air, which having a recourſe thro' 


4 all paſſable places, and mixing therewith, increaſeth the ſame as it in- 


* creaſeth in moiſture **, That theſe ſanative ſteams perform their ef- 


| ſects, merely becauſe they are moiſt, I preſume, will ſcarce be preten- 


ded ; but that they may be of ſuch a nature, as, by their coalition with 
the morbific corpuſcles, to increaſe their bulk, and alter their figure, 


| or precipitate them out of the air, or clog their agility, or pervert their 
motions ; in a word, deſtroy all, or ſome of thoſe mechanical propercies 


which render'd them peſtilential, and this ſo that there may reſult, 
from the aſſociation of two forts of particles, whereof one was of a high- 
ly noxious nature, a harmleſs mixture, might here be made probable 
from ſeveral conſiderations. Let me add, that having purpoſely made 
a viſible and laſting ſtain, on a ſolid body, barely by cold effluvia, I 
did, by the inviſible and cold ſteams of another body, make, in two or 


three minutes, a viſible change in the colour of that ſtain. 
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That meteors may, ſometimes, be produced, by the occurſions of ſub. 


terraneal effluvia, ſome of them of one determinate nature, and ſome gf 


another, I might ſhew, by various inſtances of the plentiful impregna- 
tion of the air, at ſome times, and places, with ſteams of very different 
natures ; and ſuch as are not fo likely to be attracted by the heat of the 
ſun, as to be ſent up from the ſubterraneal regions, and ſometimes from 
minerals themſelves. And tho' the effluvia, ariſing from the bowels of 
the earth, are ſometimes ill-ſcented, yet, they are not always ſo. And 
ſulphureous exhalations from cold and aqueous liquors, may be ſhewn to 
retain their determinate nature in the air, and, accordingly, to a& upon 
ſolid bodies, to whoſe conſtitution they chance to prove proportionate, 

The experienc'd Agricola, having mention'd, out of ancient hiſtorians, 
the raining of white and red liquors, wiich they erroneouſly took for 
milk and blood, ſubjoins. This may be the more eaſily credited, be- 
* cauſe, in our father's memory, drops fell from the air, in Swedey, 
* which ſtain'd ſuch clothes as were made of linen, with red croſſes, 
« as if they had been blood. And tis the leſs improbable, that the 
more agile corpuſcles of ſubterraneal falts, ſulphurs, and bitumens, may 
be rais'd into the air, and keep their diſtin& natures in it, if ſo fix'd a 
body, as common earth it ſa, can be brought to ſwim in that fluid; 
yet, the ſame Agricola aſſures us, that he ſaw rain fall, fo mix'd with 
clay, that the ſtreets were every where cover'd with it. 

And to ſhew, that, in ſome cafes, the particles even of vegetable bo- 
dies. may not ſo ſoon periſh in the air as they diſappear in it, but re- 
rain diſtin& natures, at a greater diſtance than one would imagin, from 
the bodies that plentifully emit them, I ſhall add, that an ingenicus gen- 
tleman, who went on a conſiderable employment to the Ea hadi, ac- 
quainted me that, ſailing along the coaſt of Ceylon, famous for cinnamon- 
trees, and well-ſcented gums, the wind, which then chanced to blow 
from the iſland, brought them a manifeſtly odoriferous air, tho' they 
kept off, perhaps 20, or 25 miles from the ſhoar. Nor ſhould this be 
thought incredible becauſe the diffuſion ſeems ſo diſproportionate to 
that of other bodies diſſolv d by fluids; as for inſtance, tho ſalt be an 
active body, and reſoluble into abundance of minute particles, yet, one 

rt of ſalt will ſcarce be taſted in an hundred parts of water. For: 
{enfibly to affect ſo groſs an organ, as that of our taſte, there is uſually 
required in ſapid particles, a bigneſs far exceeding that which is ne- 
ceſlary to make bodies fit objects for the ſenſe of ſmelling. Beſides 
there is a great difference between the power a body has to impregnate 
fo thin ink fine a fluid as the air, whole parts are rare and lax, and 
that which ir has to impregnate liquors, ſuch as water, or wine, whoſe 
parts are ſo crowded, as to make it viſible, tangible, and ponderous. And 
1 found, by trial, that one drop of good chymical oil ns, be- 
ing duly mix'd, by means of ſugar, with wine, retain'd the determinate 
calle of cinnamon, tho' it was diffus'd into near a quart of it: whence 


I concluded, that, upon the common ſuppoſition, according to _ a 
rop 
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drop is reckon'd for a grain, one part of oil had given the ſpecific Parscs, 


taſte of the ſpice it was drawn from, to near fourteen thouſand parts 
of wine. By comparing this experiment with what I noted, about the 
proportion of ſalt requiſite to communicate a taſte thereof to water, it 
will eaſily appear, that there may be a very great difference, in point of 
diffuſiveneſs, between the little particles that make bodies ſapid. I muſt 
not omit, that, beſides the almoſt innumerable ſapid parts of a ſpicy drop 
communicated to the wine, it thence diffuſed a vaſt number of odorife- 
rous particles into the air; which both I, and others perceiv'd to be 
imbu'd with the diſtin& ſcent of cinnamon : and the liquor was able 
to have render'd it ſpicy for a very long time. 

The third, and laſt 
ture of effluvia, ariſes from the conſideration of their effects upon other 
bodies than the organs of our ſenſes. For the effects that certain bodies 
produce on others by their effluvia, being conſtant and determinate, and 
often very different from thoſe which other agents, by their emiſſions, 
work upon the ſame, and other ſubjects; the diſtin& nature of the cor- 
puſcles emitted, may be thence ſufficiently gather'd. 

Now, the temporary numbneſs, or ſtupefaction, produced in the foot, 
by the eſfluvia of the fiſh, which we formerly took notice of, as mention'd 
by Piſo, manifeſts, that thoſe ſtupefying exhalations retain a peculiar 
and venomous nature, during their whole paſſage thro' the ſhoe, ſtock- 
ing, and skin, interpos'd betwixt the fiſh and the nervous part of the 
foot, benumb'd by it. And tho' there are ſe other bodies, in the world, 
minute encugh to paſs thro the pores of glaſs ; tis apparent, by the ex- 
periment of iron, hermetically ſeal'd up in a glaſs-pipe, that the mag- 
netical effluvia of the earth may retain their peculiar nature, in a ſmall- 
neſs that qualifies them to paſs thoſe freely. 

That ſeveral bodies, of a venomous nature, may exerciſe ſome ſuch 
operations upon others, by their effluvia tranſmitted through the air, as 
they uſually do in their groſs ſubſtance, is a truth whereof there are 
ſome examples among phyſicians. Sennertus obſerves, as a known thing, 
that apothecaries ſervants have been caſt into profound fleeps, when, in 
— opiate and hypnotic liquors, they have receiv'd in, at their no- 
ſtrils, the vapours exhaling from thoſe bodies. Tis recorded by the 
writers on poiſons, that the root and juice of mandrake caſt thoſe who 
take them, into a deep ſopor, not unlike a lethargy. And tho' the ap- 
ples of the ſame plant, are thought much leſs malignant, yet Levinus 
Lemnius relates, that having laid ſome of them in his ſtudy, he was, 
by their ſteams, more than once, made fo ſleepy, that he could hard- 
ly recover himſelf; but, the apples being taken away, he regain'd his 
vigilance and alacrity. 

Among all poiſons there is ſcarce any whoſe phenomena, in my o- 
pinion, are more ſtrange, than thoſe that proceed from a mad dog ; 
yet, even this poiſon, which ſeems to require corpuſcles of ſo odd and 
determinate a nature, is * 55 to have been convey'd 

2 by 


way I ſhall mention, td ſhe the determinate na- Ti third way of 


determining the 
nature of 
by their effects on 
bodies different 

from the organs of 
enſe. 
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Parsics. by exhalations. Areteus writes, that a man, who was never bit, but on. 
LY ly receives the breath of a mad dog, will grow mad; and, we have ac- 


counts of animals that become mad, by having eaten of the parts or 
excrements of thoſe who were mad. So Calins Aurelianus, tells us, that 
ſome have been made to run mad, not by being bitten, but wounded 
only with the claws of a mad dog; and adds, that a man fell into a 
hydrophobia, without being bitten, but infected by the ſmell of a mad 
dog ; whereby I underſtand a {warm of effluvia, which are, moſt com- 
monly, all, or, at leaſt, ſome of them, odorous. And, tho' it may ſeen 
ſtrange, that the venom of a mad dog ſhould be communicated other. 
wiſe than by the bite; ttis the leſs improbable becauſe Matthæus de Gra- 
dibus names a perſon who prov'd infected many days after having put his 
hand into the mouth of a mad dog that did not bite him. And Mat- 
thiolus relates, that he ſaw two who were made mad without any wound, 
by the bare flabber of a mad dog. Sennertus affirms it of a painter of 
his acquaintance, who, when he open'd a box, in which he had long 
kept included realgar, a noxious mineral, ſometimes uſed by painters, 
and not unknown to chymiſts; and had unfortunately ſnuff*d in the 
ſteams of it; that he was ſeiz'd with a giddineſs in his head, and fain- 
ting fits; his whole face alſo ſwelling ; tho', by taking of antidotes, he 
ſaved his life. 

The probability of what I have thus cited, from credible authors, 
may be ſtrengthened by the following proof of the diſtin& nature of ef- 
fluvia, A phyſician of my acquaintance, cauſing a large quantity of 
black hellebore-root to be long pounded in a mortar, moſt of thoſe 
who were in the room, and, eſpecially, the perſon who powder'd it, were 
thereby purged, and ſome of them ſtrongly. Sennertus affirms, that ſome 
will be purg'd by the very odour of colocynth. And in the caſes I have 
alledg'd, exhalations, endow'd with occult qualities, (as cathartic medi- 
cines are ſuppoſed to be) aſcend into the air, without being forced from 
the bodies they belong'd to, by any external hear. 

And, if I were here to alledge the operations of ſuch effluvia as do not 
paſs into the air, but operate only by the contact of the external parts 
of the body, I cou'd give inſtances, not only of the purgative, but 
the emetic qualities of ſome medicines exerted without being taken in 
at the mouth, or injected with inſtruments. 

There are, alſo, other ſorts of examples than thoſe hitherto mention'd, 
that argue a determinate nature in the effluvia of ſome bodies emitted in- 
to the air. Approved writers tell us, that the ſhadow of a walnut-tree, 
with the leaves on it, is very hurtful to the head; and ſome inſtances 
they give us, of great miſchief it has ſometimes done: and tho' this 
ſhadow is not likely to produce ſuch a bad effect, yet the effluvia of 
the neighbouring plant may be noxious enough to the head. For I, be- 
ing not at all prepoſſeſs'd with this opinion, without ſcruple reſorted to 
the ſhade of walnut-trees, in a hot country; but was, by experience, 
forced to think it might give others the headach, fince it did to — 

| | who 
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who am very little ſubje& to that diſtemper. Some ingenious travel- Parsrcs. 


lers into the Meſt- Indies affirm, that birds will, there, not only for- 
bear to eat of the fruit of venomous plants and trees, but will not ſs 
much as light on ſome of them; which nature, probably, inſtructs them, 
by ſome noxious ſmell, or other particular effluvia, to avoid. And ſome. 
of our navigators give it for a rule, to thoſe who happen to land in un- 
known iſlands, that they may venture to eat ſuch plants or fruits, which 
they can perceive the birds to have been pecking at before. Nicolaus 
Florentinus tells us of a certain Lombard, who having, in a houſe at Ho- 
rence, burned a great black ſpider, at the flame of a candle, ſo unwari- 
ly, that he drew in the ſteams of it at his noſtrils, preſently began to 
be much diſorder'd, and fell into a fainting fit, and, for the whole night, 
had his heart much diſaffected; his pulſe being ſo weak, as hardly to be 
perceiv'd ; tho he was, afterwards, cured by a mixture of Venice-treacle 
Diamoſchus, and the powder of zedoary. In Teland, I gather'd a certain 
plant peculiar to ſome parts of that country, which the natives call Maccu- 
buy, whole operations are odd and violent. This plant, a phyſician, to 
make an extract, caus'd his man to beat in a mortar ; but he was ſoon 
obliged to deſiſt; and the doctor himſelf, tho' at a diſtance off, was ſo 
affected by the corpuſcles that thence iſſu'd out into the air, that his 


head, and particularly his face, ſwell'd to an enormous ſize, and conti- 


nud tumid for a long time after. 


"Twill be needleſs to produce more inſtances to ſhew the determi- 


nate nature of effluvia, ſmall enough to wander through the air, if we 
conſider, that many odoriferous bodies, for inſtance, amber, musk, ci- 
vet, Cc. as they will, by the adheſion of their whole ſubſtance, perfume 
skins, linen, @c. ſo they, in time, perfume ſome bodies diſpos'd to ad- 
mit their action, tho' kept at a diſtance from them; and that, in pe- 
ſtilential fevers, and other contagious diſtempers, as the plague, ſmall- 
. c. the ſame determinate Tiſeaſs is communicable to ſound per- 
ons, not only by the immediate contact of one who is infected, but 
without it, by the contagious ſteams that exhale from his body into the 
air. 


To conclude with an experiment; having found that volatile and ſul- 


phureous ſalts wou'd ſo work upon ſome acid ones, ſublim d with mer- 
cury, as to produce an odd diverſity-of colours, but chiefly an inky one; 
I took an ounce, or more, of my volatile tincture of ſulphur, made with. 
quick-lime, ſulphur, and ſal-armoniac, and ſtopp'd it up in a vial ca- 
pable of containing, at leaſt, twice as much ; then taking a paper, where- 
on ſomething had been written with inviſible ink; I laid it down fix in- 
ches from the vial, which, being unſtopp'd, began, upon the acceſs of 
the air, to emit white fumes into it; and by theſe, what was written 
upon the paper, notwithſtanding its diſtance from the liquor, quickly be- 


came very legible, tho” not quite ſo ſuddenly, as if a paper, written up- 
on with the ſame clear liquor, were held at the like diſtance, directly 


over the orifice of the vial. And having caus'd ſeveral pieces of clean 


paper 


1 
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Purstcs. paper to be written on with a new pen, dipt in the clear ſolution of ſub- 


limate made in water, *twas pleaſant to ſee how the letters of theſe ſe- 
veral papers, being plac'd within ſome convenient diſtance from the vial, 
would be made plainly legible, and ſome of them more, ſome leſs black- 
iſh, according to their diſtances from the ſmoaking liquor, and other 
circumſtances. But twas more ſurprizing to ſee, that when I held, or 
laid ſome of theſe papers, tho with the written ſide upwards, juſt upon, 
or over the orifice of the vial, tho the contained liquor did not reach 
fo high, by ſome inches, yer the latent letters would become conſpi- 
cucous in about a quarter of a minute. And, as it may be obſerved, 
that, in ſome circumſtances, the ſmoaking liquors, and the ſolution 
of ſublimate, will make an odd precipitate, almoſt of a filveriſh co- 
lour; ſo, in one or two of our trials, we found a like colour produ- 
ced by the ſteams of that liquor, in ſome of the colourleſs ink. Nor is 
it neceſſary to employ a viſibly ſmoaking liquor to blacken the invi- 
ſible ink at a diſtance : for I have, to that purpoſe, with good ſuc- 
ceſs, employ'd two liquors, wherein there was neither ſulphur, ſal- ar- 
moniac, nor ſublimate ; and cauſing ſomething to be written, with diſ- 
ſolv'd ſublimate, upon a piece of paper, we folded the paper with the 
written ſide — and then wrapp'd it up in the midſt of fix ſheets 
of paper folded, ſingly, on each other, in the form of an ordinary let- 
ter or packet; ſo that the edges of the incloſing paper being inlerted, 
one within the other, the fumes might not get into this written paper, 
but by penetratnig through the leaves themſelves : then, that {ide 
of the packet, on which the ſuperſcription is uſually written, was laid 
upon the orifice of the vial, and left there about ten minutes; after 
which, taking off the folded papers, and opening them, we found, that 
the ſteams had pervaded all the leaves, in which the written paper was 
incloſed : for, tho* theſe did not appear ſtained, or alter d, yet the 
characters, latent before, appear d conſpicuous. 

For farther ſatisfaction, we took a printed book, which we judg'd 
the fitteſt for our purpoſe, becauſe, the leaves being broad, they might 
the better preſerve a ſmall paper, placed in the midſt of them, from 
the exhalations ſideways ; and having put the deſign'd paper into this 
book, and held it to the orifice of the vial, while no leſs than twelve 
leaves interpos'd, yet, thoſe letters that happen'd to be the moſt right- 
ly plac'd, were made inky in three minutes time; tho” this liquor had 
been ſo long kept, and ſo often unſtopp'd, to try experiments, that it 


had, probably, loſt a great part of its moſt ſpirituous, and penetrating 
particles. 
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S the greateſt part of the pores in bodies, is too minute to be vi- The poroſity of 
ſible, ſo the contemplation of them has been thought inconſider- . 


able. | 


But, ſince moſt qualities depend upon the ſtructure of the minute and 
inviſible particles of bodies; and ſince interſtices and pores, neceſlarily 
concur thereto ; the doctrine of poroſity muſt be of great importance in 
natural philoſophy. I will therefore freely communicate what obſerva- 
tions I have made relating to this ſubje&, as they occaſionally occur'd 
to me; and, firſt, as to the poroſity of animal bodies. But I ſball not 
here be ſollicitous to diſtribute and range my obſervations ; ſince they 
all conſpire to ſhew but this one thing; that the parts of animals, eſpe- 


cially whilſt alive, are furniſh'd with numerous pores. * 


Sir 1/aac Newton obſerves, that bodies are ] preſſing the ſphere, with 


great force, let the 


much more rare and porous, than is uſally ima- | * water ſqueeze through it, and ſtand all over 
gin d. « Water, fays he, is 19 times ligh-| © its outſide in multitudes of ſmall drops, like 
ter, and, by conſequence, 19 times rarer than] dew, without burſting or cracking the body 
gold; and gold is ſo rare, as very readily, and |** of the gold; as 1 have been inform'd by an 
without the leaſt oppoſition, to tranſmit the | © eye-witneſs. From all which we may con- 
magnetic effluvia, and eaſily to admit quick- | ** clude, that gold has more pores than ſolid 


* ſilver into its pores, and to let water paſs|* parts; and, by conſequence, that water has 
« above 40 times more pores than parts. 


And 


* through it, For, a concave ſphere of gold, 
« fll'd with water, and ſolder'd up, has, upon 


Newton. Optic. p. 2.42. 


” 
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Pursics. And this poroſity is deducible from the frame or conſtitution of the 


y DA ble parts of an animal body; which being a curious engine, admi- 
om the 1 þ f ö n 
— pak rably contriv d for the exerciſe of ſeveral functions, it was neceſſa- 
parts 


ry it ſhould be ſupplied with variety of diſſimilar and organical parts. 
And becauſe the corpuſcles, brought together for ſuch purpoſes, muſt be ſo 
interwoven, as not exactly to touch one another every where ; it will rea- 
dily follow, that they muſt leave little intervals or pores between them; 
and that, conſidering the multitude of particles employ'd to make up 
the body of an animal, and the great difference and variety, in point of 
bulk and figure, of the corpuſcles requiſite to conſtitute ſuch different 
parts; both the number and variety of the pores cannot but be very great. 
1 The neceſſity of pores in animal bodies, may, likewiſe, be deduced from 
nor of their aur. their manner of nutrition; for, a great waſte being continually made of 
. their ſubſtance, by the extluſion of viſible excrements, and the avolation 
of inviſible ſteams ; this muſt, neceſſarily, be repair'd by nutrition, of 
which the beſt account is, that the alimental juice, prepared chiefly in the 
ſtomach, being impelled to the ſeveral parts of the body, and the corpul- 
cles of the juice inſinuate themſelves at the pores they find adapted to 
their bigneſs and ſhape ; whence thoſe which are moſt agreeable, being al- 
ſimilated, add to the ſubſtance of the part wherein they Kerle, and ſo repair 
what was loſt before by that part. This may be illuſtrated from plants, 
in which, of the various corpuſcles found in the liquors of the earth, and 
agitated by the heat of the ſun and the air, thoſe, that happen to be com- 
menſurate to the pores of the root, are, impell'd into it, or imbib'd 
by it, and thence convey'd to the other parts of the tree, in the form 
of ſap; which, paſſing thro* new ſtrainers, receives the alterations re- 
quiſite to their converſion into wood, bark, leaves, bloſſoms, fruit, Cc. 
But to return to animals; our argument, from their nutrition, will be 
much confirmed by conſidering that in children, and other young ani- 
mals, which have not yet attained their due bulk, the nutrition is fo 
large, as to amount to a continu'd augmentation. For, as it is evident 
that animals grow in all their parts, and in each part, according to all 
its dimenſions; ſo we cannot well conceive how this ſhould happen, un- 
leſs the nutritive liquor be diſtributed through the whole of the part to 
be augmented; and to this diſtribution it is requiſite, that the body a- 
bound with pores, into which the ſuitable particles of the juice may be 
admitted. 155 c 
Having premiſed, once for all, that I often uſe the word, skin, in 
the popular ſenſe, without diſtinguiſhing the Cuticula, or ſcarf- skin, from 
the Cutis it inveſts, I proceed to another topic, whence the poroſity of 
animals may be argud; namely, the great plenty of matter, daily car- 
ried off by ſweat, and inſenſible perſpiration. For, ſweat is allow'd to 
be diſcharg'd at the pores of the skin: and fince there is no pene- 
tration of dimenſions, we may conclude, that the matter waſted by ſweat, 
mult have ſmall out- lets in the skin: and inviſible effluvia may alſo eva- 


Porate at the ſame pores. That therefore the skins of many mo, 
Le! . tho 


/ 


From their ſwea! 
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tho they ſeem cloſe to the eye, may be porous, appears from their ſweat- Parsrcs. 
ing. But becauſe all of them have not been obſerved to ſweat, particular 
dogs, we ſhall add ſome other inſtances, to make this more univerſal. 
e may ſometimes, in the skin of a living man, diſcern pores, with 
d microſcopes; and eaſily, on the inſide of gloves, which are made 
of skins dreſſed, perceive numbers of theſe little out-lets, orderly ran- 
ged : and tho' ſome of them may be ſuſpected to have been made by 
the hairs, which row on the skin, before it was dreſs'd; yet, that 
greater numbers of them are perforations quite through the leather, is 
manifeſt from the uſual practice of chymiſts, in ſtraining quick-filver 
through ſheep-skins. And tho', when a man's skin is tanned, it be of 
a great thickneſs; yet, trying the ſame experiment with the skin of 
a man's arm, I found that quick-filver could be ſqueezed out at the 
pores of this alſo. Ir is unneceſſary here to enquire, whether theſe lit- 
tle holes be not the orifices of ſmall excretory veſlels, or glands, which 
Steno, and Malpighi diſcover'd beneath the Cuticula, call'd Glandulæ Mil- 
liares ; for, according to this opinion alſo, a multitude of ſmall perfora- 
tions mult be allow'd in the skin; and that is ſufficient for my purpoſe, 
irom whence ſoever the poroſity proceeds. But the next obſervation 
will ſhew, that ſome membranes of animals may give paſlage to tran- 
ſpired matter, without being perforated by the excretory veſſels of 
e The skins under the ſhell of hens eggs, are of a texture, very, 
ne and cloſe ; yet, both theſe, and the ſhells which cover them, are 
porous; becauſe the egsg, with keeping, manifeſtly loſe in weight: which 
muſt be imputed to inviſible tranſpiration ; and the rather, becauſe in 
thoſe, whick have been long kept, there is found a cavity at one end, 
that increaſes with their age, and is made by the ſhrinking of the mem- 
brane from the ſhell. | 
Conſidering the large quantity of matter, ws by inſenſible per- 
ſpiration in healthful men, the pores muſt, doubtleſs, be very numerous ; 
and much more ſo, than by the drops of ſweat, which wet the skin, we 
uſually imagine. For, Sanforius affirms, that what is barely carried 
off by inſenſible tranſpiration, ordinarily amounts to more, that is, di- 
miniſhes the weight of a man's body, more than all the viſible excre- 
ments together. He adds, if the aliment, taken in one day, amounts 
to eight pounds, the inſenſible tranſpiration uſually amounts to five. 
And he elſewhere aſſerts, that in the ſpace of twenty four hours, in the 
winter-time, an healthy body may exhale above fifty ounces : and ſome 
trials, both of my own, and others, confirm Sanctorius's obſervations ; * 
allowance being made for the difference of heat between Taly and Eng- 
land: only, I fear, an over-ſight has been committed by thoſe, who 


* Dr. James Keil hath given a ſett of obſer- | between our climate, and ſuch as are hotter; tho 
vations, made by himſelf, after the Sandorian | it embaraſſes this doctrine conſiderably, that the 
manner, under the title of Medicina Statica Bri- | human body ſeems to take in ſomething from the 
rannica ; which confirms the doctrine of perſpi- | air, which may increaſe its weight uponthe ba · 
ration in general, and ſhews the differences of it | lance. 
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aſcribe all the decreaſe of weight, not referable to the greſſer exe re- 
ments, to what tranſpires at the pores of the viſible parts of the skin; 
without taking notice of what is, in expiration, diſcharged through the 
wind-pipe, and appears manifeſt to the eye, in froſty weather. But 
tho I look upon the wind-pipe as the great chimney of the body, in 
compariſon of thoſe little ones; yet, the number of theſe is ſo very 
great, that the exhalations which ſteal out at them, muſt be very con- 
ſiderable. Beſides, thoſe, that are diſcharg'd at the Aſpera Arteria, do, 
probably, for the moſt part, iſſue out of the membranes inveſting the 
lungs; which membranes may be look'd upon as external parts of 
the body, with regard to the air. But we way ſafely allow a very 
great evacuation, at the pores of a man's skin, who is a ſanguineous and 
hot animal; ſince we ſee that eggs, which are actually cold, tranſpire. 
Nay, even frogs, which are always cold to the touch, exhale largely ; 
and the decreaſe in weight of ſome animals, ſoon after they are ſuffo- 
cated, is conſiderable. We may add, the experiment of holding any 
part of the body, in warm weather, near to a ſolid or ſmooth ſubſtance, 
as a piece of poliſh'd ſteel or ſilver; which will preſently be ſullied with 
ſteams, iſſuing out of the pores. 

Farther, the perviouſneſs of the skin outwards, may be argued from 
the quickneſs, wherewith ſome medicines take away „ee of it 
by contuſions; which is, very probably, performed by attenuating the 
matter, and diſpoſing it to perſpire: tho', perhaps, when it is thus 
changed, ſome part 7 it may be imbibed again, by the capillary vellels, 
Helmont ſpeaks much of the virtue of white briony root, in ſuch caſes; and 
the fact was lately confirmed, from an experiment made by an ac- 

uaintance of mine. I knew an eminent perſon alſo, cured of a contu- 
10n, which made the part look black and frightful, by the bare uſe of 
of hyſop, and freſh butter, applied in the form of a poultis. Nor is it only 
the skin, that covers the viſible parts of the body, which we judge to 
be thus porous, but alſo the membranes, that inveſt the internal parts. 
For the two firſt- mentioned cauſes of poroſity, are as well applicable to 
them, as to the external skin; and, in ſome reſpects, the tranſpiration 
through ſuch pores, ſeems more advantaged, than that through the pores 
of the ſurface ; ſince the parts ſurrounding the ſpleen, liver, Liane $, Ce. 


in man, are hot, in compariſon of the ambient air; and being alſo wet, 


which the air is not, the laxity of. the pores of the internal parts is 
doubly befriended: and we conceive both the skin, and membranes, to 
be like net-work ; which, in their ordinary ſtate, have a kind of con- 
tinuity 3- but, upon occaſion, can ſuffer, their pores to be every way en- 
larged, as external agents determine, And this poroſity of the internal 
membranes, will the more eaſily appear from the perviouſneſs of the 
bladders of dead animals, even to water ; which we have try'd, by put- 
ting ſome ſalt of tartar in a clean well-dry'd bladder, and leaving the 
lower part immers'd in common water, whoſe particles, 12 in- 


ſinuated themſelves into the bladder, ſo as to diſſolve It into a 
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liquor: and this experiment ſucceeded, but much more ſlowly, with ſu- Phrsics. 
gar inſtead of ſalt, of tartar. And there are ſome who pretend, that WW 


certain ſyrups, made this ſlovenly way, which they would have paſs for 
for a ſecret, are vaſtly preferable to thoſe made of common water, 
'That even the films, which line the ſhells of $85, tho of a very cloſe 
texture, are, yet, pervicus to liquors, appear'd by keeping an ordina- 
ry hen's egg, for two or three days, in diſtill'd vinegar: for then taking 
it out, we found it entire, and viſibly ſwell'd. And, what ſatisfi d us, that 
the expanſion proceeded from ſome other cauſe, than the mere dilatation 
of the white, or yolk, or both; the egg now proved conſiderably heavier 
than before its immerſion, notwithſtanding the loſs of its ſhell. And, on 
this occaſion, may be added, that the Chineſe have a way of ſalting eggs 
in the ſhell, In one of the Dutch journals ſent, by the council of 
Batavia, to their principals in Holland, I met with ſeveral accounts of 
{alted eggs, brought, by ſea, into Batavia, and other ports: after which, 
meeting with a phyſician, who liv'd in Batavia, I learnt from him, that 
ſuch eggs are frequently met with in thoſe parts; he having ſeveral times 
caten of them there, and found they retained a briny taſte, when 
dreſs'd. The merchants, of whom I enquired, could not tell me, what 
way the Chineſe employ to ſalt, and preſerve their eggs; but having coa- 


ted one with clay, and ſuffer'd it to lie, for a competent time, in brine, 


I found its taſte conſiderably ſalt, when broke. 

I knew a phyſician, who, being tormented with a peculiar kind of 
colic, reliey'd himſelf by glyſters of ſack; but uſually found, that 
they would inebriate, and make him giddy : and a chirurgeon, who 
practiſed in the Mieſt- Indies, told me, that having dreſſed, with the 
juice of tobacco, a ſmall ulcer in a woman's leg, the patient, ſoon after 
grew fick, and actually vomited. Bur, on this inſtance, I lay no ſtreſs ; 
becauſe the corpuſcles of the tobacco might get in at the ſmall orifices 
of ſome corroded veſſels, and ſo be conveyd internally, rather by the 
help of the circulation of the blood, than on account of the porofi- 
ty of the parts. But a phyſician, of the college of London, aſſured me, 
that he had ſeveral times given himſelf a vomit, by the application of 
tobacco to his wriſts, and ſome other external parts; and ſome children 
have been made drunk by cloaths, wetted in the infuſion of tobacco, and 
applied to their heads for ſcabbineſs in that part: tho", in this caſe too, 
the inebriating particles may get in, not at the mere pores, but at the 
orifices of the capillary veſſels, that were made acceſſible by ſuch little 
ſolutions of continuity, as are ſeldom wanting in ſuch caſes. But that 
children may be purged by outward applications is aſſerted by phyſici- 
ans; and an experienced perſon has athrmed to me, that he can almoſt 
conſtantly purge them by a plaiſter. But it is more conſiderable, what' 
Was 8 to me by a perſon of eminence, who, being indiſpoſed to be- 
lieve ſuch things, had his hand barely moiſten'd by another, with a ſubtic 
chymical oil, which the former regarded not, till he found him ſelf preſs'd 
with a motion, like that which a purge would have given him; and was 
| 3 | 1 purged 
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Purstcs. purged four times without griping, or other pain. But to return to the 
poroſity of membranes ; it may ſerve to prove it, that lute-ſtrings, which 
being only fibres, are the chief parts of which membranes conſiſt, will, 
ſometimes, in wet weather, ſwell ſo forcibly, as, with noiſe and violence 
to break ; which proceeds from moiſt vapours entering at their pores. 
Ps writ, This poroſity of the internal parts of animals may be alſo confirmed 
matter, by what happens in the tranſlation of the morbific matter in diſeaſed 
bodies. For, often the matter, which in the ſanguiferous veſſels produ- 
ced a fever, being diſcharged upon ſome parts of the head, produces 
a Delirium, or Phrenitis; in the latter of which, I have wonder d to ſee 
the patient's urine like that of a perſon without a fever. 'The ſame fe- 
brile matter is diſcharged ſometimes upon the Pleura, throat, or inte- 
ſtines ; and cauſes in the firſt a pleuriſie, in the ſecond a quinſie, and, 
in the third a flux, generally dyſenterical. But becauſe moſt of theſe 
tranſlations of peccant humours are made by the circulating blood, I 
am content to intimate, that ſome of them may confirm the poroſity here 
ſpoken of. And this, in effect, is already proved by the ſame arguments 
whereby we have ſhewn, that both the skin, and the internal membranes, 
are furniſh'd with pores, pervious to particles, whoſe ſhapes and ſize 
are correſpondent to them. For it appears, that when morbific matter, 
whether in the form of a liquor, or of exhularions, chances to have cor- 
puſcles ſuited to the pores of this or that part, it may, by a concourſt 
of circumſtances, be determin'd to invade it; and ſo diſlodge from its 
former receptacle, and excite new diſorders in the parts it removes to. 
fin, Another thing, whence the poroſity of animals may be argued, is 

their receiving effluvia from without. For theſe cannot get into the in- 
ternal parts of the body, to perform their operations there, without pe- 
netrating the skin, and conſequently entering the pores of it. Now 
that things, outwardly applied, may be convey'd to the internal parts, 
is notorious, in the inſtances of cantharides; which produce great diſ- 
orders in the urinary paſſages, and ſometimes cauſe bloody urine. The 
ſame may be alſo concluded from various effects, even of milder plai- 
ſters: for tho ſome operate, perhaps, by cloſely ſticking to the skin, 
hindering perſpiration, and fencing the part from the external cold ; yet 

*twill ſcarce be denied, that many of them have notable effects from the 

corpuſcles, that plentifully enter at the pores, and act according to their 

reſpective natures. The like may be ſaid of ointments, whole effects, 
eſpecially on children, are ſometimes very remarkable: and I have 
known conſiderable things performed by them, in an internal diſeaſe of 
grown men, where I ſhould ſcarce have expected ſo much from a vegeta- 
ble unguent. Indeed, by mercurial ointments a falivation may be ex- 
cited ; and ſometimes, againſt the phyſician's will, the corpuſcles of the 
quick-ſilver get ſo far into the body, that he is unable to bring them 
out again. What was ſaid of plaiſters is alſo applicable to Pericarpia, 
or wriſt-bands ; the better ſort of which are often ſucceſsful in ſtopping 


ague-fits: thus by a mixture of currants, hops, and bay-ſalt well beaten 
| together, 
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was not deprived of its whiteneſs, nor at all ſenſibly diſcoloured, yet 
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ther, both I, and ſeveral more, have been freed from tertians, Pays1cs: 
and other intermittents. The argument will be likewiſe much ſtrength- vs V—- 
ened, if thoſe phyſicians do not deceive us, who aſcribe ſenſible opera- 
tions to things externally applied in ſo looſe a way, as not to ſtick 
to the skin, or, perhaps, immediately touch it; which ſome call Pe- 
riapta, and Appenſa, ſeveral whereof are beſt known by the name of 
amulets ; ſuch as quills of quick-ſilver, or arſenic, which ſome hang 
about their necks, or wear under their ſhirts, againſt the plague, and 
other contagious diſeaſes ; the blood-ſtones, worn by others, againſt hæ- 
morrhages ; and that which the women in the Eaſt-Indies wear for a 
quite contrary purpoſe. Now, that ſome of theſe external medicines, 
anſwer, I am perſuaded by having been, one ſummer, ſubje& to bleed at 
the noſe, and reduced to employ ſeveral remedies to check it; what I 
found moſt effectual, being ſome moſs of a dead man's skull, tho it 
did but touch my skin, till the herb was a little warm'd thereby. A 
memorable thing of this kind was communicated to Zwelfer, by the chief 
phyſician to-the States of Moravia; who having prepared ſome troches 
of toads after Helmont s manner, he not only found, that being worn as 
amulets, they preſerved him, and all his domeſtics and friends from the 
plague 3 bur that having caus'd them to be put upon the plague-ſores 
of teveral perſons, none of them died ; but the venom of the peſtilential 
carbuncles was thereby greatly abated, and the ulcers render d eaſily 
curable by vulgar remedies. 

As to the difficulty of conceiving, how bodies, actually cold, can emit 
eſſluvia, able to penetrate (without moiſtening it) a membrane of ſo cloſe 
a texture, as a man's skin; it may be much leflen'd by conſidering the 
pores of bodies, and the —_ of corpuſcles. For, ſuppoſing an agree- 
ment between em, the effluvia of amulets may, in tract of time, eaſily 
get paſſage through the pores of the skin of a living body. And to make | 
this the more probable, I will give an inſtance in the skin of a dead animal. *5,.4 
Bur this requires a liquor, that I uſe in ſuch experiments, which is 
made by exactly mixing flower of brimſtone, powder'd ſal-armoniac, and J (4 + 1 
good dry quick-lime in equal quantities; and diſtilling em, by degrees of -H 
fire in a retort, till the ſand is brought to be almoſt red-hot ; fr thus - 
there will come over a ſmoaking ſpirit, which muſt be kept very cares 
fully Ropp'd, and which, for diſtin&ion's ſake, I call the permeating 
menſtruum or liquor; and its expirations, the permeating fumes. The 
experiment is this. We took a very clean piece of poliſh'd copper, and 
having wrapp'd it, either in a piece of lamb's, or ſheep's leather, ſo 
that it was every way inclos'd, we held it over the orifice of the vial, 
that contain'd the ſpirit, at ſome diſtance from the liquor ; whoſe fumes, 
nevertheleſs, quickly pervaded the pores of the leather, and operated 
upon the included metal; as appear'd by the deep and laſting tincture it 
had given to the lower ſurface of it; tho' the interpoſed leather it ſelf, 


&# ce 


ſmelt of the ſulphureous ſteams that had jnvaded it. And the ſame 
| experi» 
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Paysics. experiment ſucceeded, tho* ſomewhat more ſlowly, when a double leaz 


propoſitions, De Febribus, and demonſtrated it 


— ther interpoſed between the fumes, and a new piece of copper coin, 


I leave it to be conſider'd, whether this may nor ſuggeſt a conjecture 
as to that ſtrange phenomenonon, recorded by approv'd authors, of light- 
ning which has been found manifeſtly to diſcolour money, without 
burning the purſe that contain'd it, For, in our experiment, the 
ſteams which in a trice pervaded the leather, the moſt uſual matter where- 
of purſes are made, were ſulphureous, as thoſe which accompany the 
Fulmen are obſerved to be; and tho' theſe, when they invade bodies, are 
uſually very hot, ours operated when the liquor that emitted them was 
actually cold. If it be ſaid, that ſometimes money has been found diſco— 
loured in the pockets of ſuch as were not {truck by the Fulmen, but 
had it only paſs near them; we reply, that tho' the entire body, whe- 
ther fluid or ſolid, if there be any of this latter kind, which the Latin's 
call Fulmen, (for our engliſh word thunder-bolt ſeems not ſo applicable 
to a fluid) did not touch them; yet it might ſcatter ſteams enow all a- 
round to cauſe the phenomenon. For, a perſon of my acquaintance, 
having aſcended a burning mountain in America, till the ſulphureous ſteams 
grew too offenſive ; he found, amongſt other effects, his money turn'd of 
a black and dirty colour ; ſuch as our ſulphureous ſteams often give both 
to copper and ſilver coins. But, whether our ſpirits will juſtifie my 
preſent conjecture or no, yet their eaſily pervading the skin of a dead 
animal, will, however, make it probable, that the skin of a living man 
may be eaſily penetrated by external ſteams, of whoſe approach the eye 
takes no notice; and whole operations may, therefore, be unſuſpected. 
Let phyſicians conſider, what uſe may be made of this obſervation, as 
to the propagation of contagious diſeaſes, * by the contact of the infected 
air, diſtiact from the reſpiration of it; and by the penetration of the 
ſteams, that, iſſuing from ſeveral bodies, invade the skin, and may, per- 
haps, be able to produce, either hoſtile or friendly effects, not uſually 
ſuſpected to ariſe — ſuch cauſes. We may add, that ſuſpending ſheep's 
leather in the free air, the vapours in that fluid would, I found, ſo inſi- 
nuate themſelves into the leather in wet weather, as grealy to increaſe 
its weight, of which, dry weather, whether hot or cold, would deprive it. 

It may here be proper to add ſome inſtances of the penetrability of 
membranes to effluvia, if thoſe be ſufficiently ſubtile and correſpondent 
to th e pores of the other. Amongſt the obſervations of phyſicians, I have 
met with ſome affirming, that cantharides have great effects upon the in- 


ternal parts of the body, tho' they do not ſo much as touch the skin; 
whence their effluvia muſt be tranſmitted thro* other bodies, before they 


can penetrate that, Michael Paſchalius mentions a chirurgeon, who twice 
voided blood with his urine; which was occaſion'd by ſome Spaniſþ-flies, 
that he only carried in a bag ; and a phyſician of note mentions another 

Bellini has conlider'd this matter, in his laſt | into the body. And thelike has been done as to 


the admiſſion of partic'es of other kinds, by Dr. 
Wainwright, Dr. Keil, &c. 


poſlible for ſuch effluvia to enter thro' the skin 
perſon, 
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perſon, who made bloody urine from having carrdied cantharides in his physrcs. 
pocket; and adds, that a like caſe was told him by Helidæus, an eminent yu 


hyſician. 5 
We ſee that in linen, the finer and more ſlender the threads are, the 


cloſer, and leſs porous, cateris paribus, is the cloth; whence the thin 
film that lines the ſhell of an egg, ſeems to be of an exceeding cloſe 
contexture; yet, even this is not impervious to ſome fumes ; for we have 
ſtained a piece of copper through it, with thoſe of our penetrating li- 
quor. We alſo took a piece of dried bladder, and having wrap- 
d it about a new piece of filver coin, we held it, for ſeveral mi- 
nutes, over the fumes of the ſame liquor, but could not perceive the 
coin at all eftecied ; whence we concluded the pores were too cloſe and 
narrow, to give paſſage to the expirations of the menſtruum ; but pre- 
ſuming, that moiſture would ſomewhat relax them, we wrapp'd up an- 
other piece of coin in a wet bladder ; and applying this as before, in 
about two minutes, it was, on the lower ſurface, deeply diſcolour'd. But 
one of the moſt notable inſtances of the poroſity of the internal mem- 
branes of a humane body, is that of a relation of mine, a Britiſh noble- 
man, who had,by accident,a great perforation made in his Thorax, at which 
I could directly perceive the motion of his heart. His Lordſhip told 
me, that when, with a ſyringe, he injected ſome actually warm medicated 
liquor into his Thorax, to cleanſe and cheriſh the parts, he quickly and 
plainly found in his mouth the taſte, and ſmell of the drugs, wherewith the 
liquor had been impregnated. And I farther learned, that as he conſtant- 
ly wore, upon the unclos'd part of his cheſt, a ſilken quilt, ſtuff d with 
aromatic, and odoriferous powders, to defend the neighbouring parts, 
and keep them warm; when he came to employ a new quilt, the efflfluvia 
would actually mix with his breath, and very ſenſibly perfumeit, as ap- 
pear d manifeſt to ſuch as ſtood near him; who cou'd perceive that it pro- 
ceeded not from the outſide of his body. And Galen ſays, that water 
ſweetend with honey, being injected at the orifice of wounds penetra- 
ting into the cavity of the Thorax, has been, in part, received into the 
lungs, and diſcharged out of the Aſpera Arteria by coughing. Being at 
the diſſection of a perſon, who had been long moleſted with a ſhort dry 
cough, which made us expect to find ſomething much amiſs in his lungs ; 
we met with nothing there, and were at a loſs for the cauſe, till — 
to che internal part of the cheſt, we diſcover'd, between the Pleura an 
the ſubſtance of the intercoſtal muſcles, a certain matter, of the breadth 
of a crown-piece, of a roundiſh figure, and of the conſiſtence and co- 
lour of new ſoft cheeſe, which odd matter was concluded to have been 
the remains of ſome ill-cured pleuriſie, and to have tranſmitted thro* 
the pores of the Pleura, ſome noxious effluvia, which frequently irrita- 
ted the lungs into an irregular and troubleſome motion. 
That not only ſingle membranes, but even parts very much compoun- 
ded are permeable, and that by liquors none of the thinneſt, is manifeſt 


in the diſcharges made by hydropical perſons, of a liquor more 1 
Ez, t 
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Pursics. than water, by ſtool and urine, upon the operation of an hydragogue. 
WY Aud it is a pretty common obſervation, that upon the burſting of em- 


pyemas into the cavity of the cheſt, the purulent matter hath been voi- 
ded by ſtool and urine : but, perhaps, it cannot be determin'd, whether 
this tranſlation be made by tranſudation, or the entrance of the pus in- 
to the veſſels; where being once admitted, it may arrive at the kidneys, 
or any other parts fitted to ſeparate it. We find, however, that the 
lungs, ſometimes, odly convey things to diſtant parts of the body, 1] 
have often obſerv d in my ſelf, that when I had aſſiſted in the difle&ion 
of a dog, whoſe blood or body was rankly ſcented, 1, for ſeveral hours 
after, plainly perceiv'd that odour in the excrements I voided by ſiege. 
And a famous chirurgeon tells us, he cured a ſcirrhous ſpleen by binding 
over the part a ſponge dipt in lime-water, which mult, therefore, have pe- 
netrated not only the ſcarf skin, and the true Cutis, but the muſcles 
themſelves of the Abdomen, and ſome other interpoſed parts. Galen alſo 
obſerves, that bones being ſometimes broken, without piercing the skin 
when the callus is forming, a portion of the blood which had flowed to 
the part affected, is carried to the skin, and permeates it, ſo as to wet 
and foul the dreſſings. 


The harder parts, Bones, horns, Cc. being granted the moſt ſolid parts of the bodies of 


of the body per- 
ancabe, 


animals, I come, in the laſt place to ſhew, by particular experiments, 
that theſe alſo have their pores. That the nails are porous, appears 
from their being eaſily tinged with metalline ſolutions, particularly that 
of ſilver, in Aqua fortis, which can hardly be got out; and the purple ſpots, 
which I have ſometimes made thereon, by little drops of the ſolution of 
gold in Aqua regia, to obſerve their growth. And the poroſity of ivo- 
ry may be argued from the ſeveral ways of dying it of laſting colours; 
for the tinctures that give them muſt penetrate into, and be lodged in 
the ſubſtance of the ivory. A ſolution of ſilver in Aqua fortis, will give 
it a dark and blackiſh ſtain, not to be waſhed off ; and a ſolution of 

Id in Aqua regia, makes it of a fine purple, without heating either the 
Glution, or the ivory: copper diſſolv d in Aqua fortis, ſtains it with 
a bluiſh colour; and without any acid Menſtruum, I have, even in the 
cold, ſtained ivory of a fine and permanent blue, like a turquoiſe, by 
ſuffering a very deep ſolution of crude copper in an urinous ſpirit, as 
that of ſal-armoniac, to dry upon it. 

But to return to bones; their growth, in all their dimenſions, argues 
their poroſity : and the marrow found in them, whether it nouriſhes 
them or no, mult it ſelf be ſupplied by ſome alimental juice, that pe- 
netrates into their cavities. Nor does it ſeem improbable, that blood 
it ſelf may be convey'd into their very ſubſtance ; as I have been aſſu- 
red by eminent anatomiſts, who have obſerv'd blood-veſlels to enter a 
great way into the larger bones. The blackneſs alſo that bones acquire 
by heat, and a peculiar kind of fatneſs which they afford, ſhew that 
they harbour abundance of unctuous particles, ſeparable from the ſolid 
ſubſtance, in whoſe pores they muſt, therefore, have been lodged. : T 5 
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lightneſs of bones, is alſo a great ſign of their poroſity ; and farther, that Pursics. 

they are corroded by tinging liquors. That calcined bones, as allo thoſe 
imbibe moiſture from the air, and thereby 

increaſe in weight, 1 ſhall not much inſiſt upon, as proofs of their poro- 

ſity z becauſe ſome other cauſe may poſlibly be aſſigned for theſe - 


prepared for skeletons, wil 


phenomena: I will, however, ſubjoyn ſome obſervations made on. large 
ox-bones. Nov. 15. we weigh'd two marrow-bones, and found the on: 
equall d 29 ounces and half a dram; the other 24 ounces, 4 drams, 


and 30 grains. Nov. 24. The former weighed 29 ounces 6 drams, ani 


the latter 25 ounces, 1 dram, 30 grains. Decemb. 28. The former 


weighed 29 ounces, 3 drams, 55 grains, and the latter 24 ounces, - 
7 drams, 39 grains. June 7. of the following year, the former 
weighed 29 ounces 2 drams, and the latter 24. ounces 7 drams. From . 


whence, it appears, that bones plentifully imbibe the exhalations 


of the air, and emit them again, together with ſome of their own, .- 
according as the ambient happens to be diſpoſed. And theſe al- 
terations ſhew the bones to abound with pores; ſince the external. 


ſteams muſt find pores to receive them, and the effluvia, upon their re- 
ceſs, leave pores behind them. And that bones themſelves admit into 


their ſubſtance, veſſels capable of conveying a nutritious liquor, ſeems - 
credible by what is known to happen in that diſeaſe, which, from 
the country it moſt infeſts, is called Plica Polonica. For though one . 


would think the hairs of men too ſlender to have cavities capable of 


containing viſible liquors, yet writers of note, and particularly Sennertau, 
tell us, that in this diſeaſe, ſometimes the ſingle hairs - will atually -.. 


bleed, where the ends have been cut off. 


But farther, even particles, neither ſaline nor moiſt, may get into the 
cavities of human bones; as is evident from thoſe of mercury, where 
falivation hath been practiſed; whereof I have met with a notable inſtance 


in an eminent profeſſor of phyſic, belonging to the famous. hoſpital of 
incurables at Rome, who declares, that in the cavity of the bones of 


a venereal patient, there was found real quick: ſilver. This, alſo, hath 


been confirmed to me by other phyſicians experienced in the like caſes. 
But, particularly, an ancient phyſician, very famous for the cure of 
this diſtemper, told me of a patient, who had been terribly fluxed by 
mercurial unctions, and coming afterwards to have one of the grinders 


of his lower jaw pulled out, becauſe of the pain it had long put him 


to, a drop of true mercury was found in that flender cavity of the 
root, which admits the ſmall veſſels, from whence the tooth has its 
nouriſhment and ſenſe. And Euſtachius Rudius relates, that he himſelf 


ſaw ſome bodies diſſected of thoſe who had been anointed for the 
venereal diſeaſe, in the cavities of whoſe bones no ſmall quantity of 


quick-filver was run together. 
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fry ? I'S-not ſo eaſy to prove the exiſtence of pores in ſolid and ina- 


nimate, as tis in animal and vegetable bodies; however, there 


are ſome reaſons which induce me to think, that the former are not de- 


ſtitute of them. And, firſt, by conſidering the origin and formation of 


| ſeveral hard bodies, it will appear, that ſtones, and even gems them- 


felves, were once either viſible liquors, or, at leaſt, very ſoft ſubſtances : 
and both theſe kinds of bodies muſt neceſfarily conſiſt of, or abound 
in, minute particles of a determinate ſize, and ſhape ; from whence it 
may be probably concluded, that ſuch gems, and other mineral bodies, 
notwithſtanding any hardneſs they afterwards acquire, retain their 
pores; fince it is no way likely, that corpuſcles of various, and very 
irregular figures, can be ſo brought together by any agents, as not 

to leave little interſtice between them. | 
Another argument, to the ſame purpoſe, may be taken from the 
ſpecific gravities of ſuch bodies as the eye does not perceive to 
be porous. For tho water is a body of that kind, and tho' its 
parts. be ſo cloſe, that the attempts to make a manifeſt compreſſion 
of it have hitherto proved unſucceſsful ; yet we find, that ſtones, 
clays, metals, and even ſome woods, with a multitude of other kinds 
of ſolids, will readily ſink in water, and, by conſequence, are ſpecifically 
heavier than it; which exceſs of gravity ſeems inexplicable, without 
allowing that the corpuſcles of ſuch ſinking bodies, either lie cloſer 
together, or-are ſeparately more ſolid, than thoſe of water : and hence 
we may conclude, that marble, flints, &c. are not free from poroſity. 
The lighter metals, likewiſe, ſuch as tin, iron, or ſteel, are above twice 
heavier, in ſpecie, than marble; yet theſe are exceeded in weight by 
copper, which I found to be nine times; and that by gold, which, 
when refined, I found to be nineteen times heavier than water. Whence 
it ſeems highly probable, that iron, or ſteel, are ſo porous as to ſuffer 
metalline matter, equal to them in weight, to be contained in much 
lefs than half the dimenſions of them. And that gold it ſelf, is not 
deſtitute of pores, may appear by its diſſolution in quick-filver *. If 
any 


*Tis no new thing, that the effluvia-of | cloſely lock'd up. in a box of iron, or 
the load-ſtone ſhould Poe the pores of | other metal; but M. Homberg diſcover'd, 
all bodies, even ſuch as are metalline ; | that there are ſubſtances, which manifeſt- 
that the exhalations of the ſympathy-ink ly, to the eye, appear to paſs quite 
ſhould do the like at ſmall diſtances, and | thro' the ſubſtance of a metal, without 
that the ſulphureous ſteams of the Bo/onian | diſplacing its parts, making any break 
None, when newly calcin'd, ſhould change | therein, or v ſibly enlarging its pores. For 
the colour of gold into that of filver, and | a ſalt, compoſed of quick - lime, diſtil!'d 
vhe-colour of latton into that of gold, tho' ) vinegar, ſalt-petre, ſea · ſalt, and 3 
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any ſhould pretend, that hardneſs is a greater argument of the com- Pursics. 


pactneſs of a body, and its want of pores, than its ſpecific gravity ; V. | 


add, that tho emery, which is, indeed, much harder than marble or 
flint, be far heavier than thrice its bulk of water, yet that weight 
proceeds from the mixture of a metalline ſubſtance. And diamonds, 
tho* much harder bodies than emery, are ſo far from being the moſt 
ponderous, that, having examined them hydroftatically, I found them not 
much heavier than either cryſtal or fine glaſs, and not half ſo heavy 
as the lighteſt metals. 

Another proof of this poroſity, ariſes from the very frame and con- 
ſtitution of fuch bodies. For, we cannot ſuppoſe, that the component 
corpuſcles of the moſt ſolid bodies, ſhould be ſo interwoven, as to 
touch one another every way exactly, and therefore they muſt of ne- 
ceſſity leave ſome intervals and pores between them: for there are 
but very few figures, which will entirely fill ſpace; ſo that, conſi- 
dering the vaſt variety of other figures, it is obvious, corpuſcles of 
ſuch- differing ſhapes muſt leave multitudes of little- cavities intercepted 
between thoſe parts, which do not every where touch one another. 
And even thoſe few mathematical figures, ſaid to fill ſpace, do it ra- 
ther in a geometrical, than a phyſical ſenſe ; becauſe tuch can never 
actually exiſt in matter: for no art could poliſh a cube of marble, for 
inſtance, ſo that no ſmall ſcratches ſhould be left on its ſurfaces, to 
hinder their perfect contact: and marble it ſelf abounds with inter- 
nal pores, as may be rationally conjectured from the ſpecific gravity of 
it, in compariſon of gold and lead. | 

Having thus diſpatched the arguments à priori, we come to our 
experiments and obſervations, which confirm the ſame dottrine 4 
poſteriori. Of theſe, ſome relate to ſolid bodies, of a leſs ſpecific gravity z 
ſome to foſſils, preſumed to have no metalline parts; ſome to mine- 
rals, which are thought to participate of a metalline nature; ſome to 
metals; and ſome to glaſs. To begin with the firſt : beſides other con- 
ſiderations, the poroſity of wood is manifeſt from this experiment. 


We took a wooden ſhooting-trunk, and having cloſely ſtopp'd one end The pere 
of it, we poured quick-filver in at the other, till it reached to a con- of weed. 


ſiderable height; when, the lower parts, aſſiſted by the weight of the 
incumbent ones, iſſued out at the pores of the wood on all ſides, in 
great numbers of drops, much after the manner of quick-filver ſtram- 
ed through leather. But, perhaps, the great weight of the quick- 
ſilver had a conſiderable ſhare in the event. And this obſervation is 
applicable to the following experiment; when having, by the help of 


ſulphur, will readily, as he ſhews, and of | of ſilver, and turn it in the parts, both 

a ſudden, paſs, in this manner, thro' an | internal and external, thro' which it run, 

iron crucible ſet in a ſtrong fire, as water | of the colour of lead, without cauſing 

paſſes thro' paper; and a bituminous, | any farther change therein. See Memoir. 

metalline matter, or cinnabar cf filver | de  Academ. A. 1713. Pp. 409. 

and antimony, will paſs thro' a thin plate | 
Mm m 2 my 
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Paysics. my pneumatical engine, withdrawn the air from one fide of a round 
piece of a board, the air, on the oppoſite ſide, preſs'd fo ſtrongly 
| againſt the ſurface, as to make way through the pores of it, and get 

into the cavity, whence the other air had been extracted. Thus ſeem'd 
the more ſurprizing, becauſe the board, thus permeated, was of ſtrong 
wood, and conſiderably thick. But it may here ſuffice, that when wood 
is reduced to a certain thinneſs, it will eaſily give paſſage, even to vi- 
ſible, odorable, and tinging corpuſcles. For (1.) the fumes of our 
penetrating liquor, tinged a copper half-penny through a deal-ſhaving, 
which did not, when held againſt the light, diſcover any perforation. 
(2.) The fame fumes manifeſtly tinged the ſame half-penny, thro' 
two ſuch ſhavings of deal, laid upon each other, in leſs than one mi- 
nute. (3.) And in about one minute, theſe fumes tinged it again, 
thro? three ſuch ſhavings of deal, very viſibly, but not ſo ſtrongly as 
in the firſt, or even the ſecond experiment ; and theſe trials were 
— — — ſſel from their bein 
| t many earthen veſſels are porous, appears from their g 

—_— ſoaked thro” by oil; ſome by ſolutions of nitre, and other falts ; and 
there are very tew crucibles, not even the Haſſian, that will long keep ſalt 
of tartar in fuſion, without being penetrated by'it. I have” heard it 
complain'd of, in the diſtillation of corroſive materials, as vitriol, and ſalt- 
petre, with ſtrong fires, in the earthen veſſels commonly made uſe of, 
Tie of retorts, that a conſiderable quantity of the fineſt ſpirits * 


ite thro' the veſſel; ſo that many ounces are found wanting of 

weight of the matter. And tho' I have obſerved ſome earthen 
bottles, to be hard enough to ſtrike fire with ſteel ; yet I have been 
aſſured, that theſe may have their pores pervaded by ſpirituous liquors. 
And a perſon, curious in making cyder brisk and ſpirituous, aſſured 
me, that it would permeate the very ſubſtance of ſtone-bottles;' as ap- 
peared both by the taſte of that on the out-ſide, and the leſs quantity 
within: and the like obſervation was confirm'd to me by an eminent 
phyſician, who being a great lover of brisk cyder, uſed to bottle it up 
carefully. And tho' good Haſſian crucibles are very cloſely compatted, 

yet having diſſolved ſilver in Aqua forts, and I kept it a while in fu- 
ſion, among quick-coals, it would, without cracking the crucible, ſoak - 
into it, and paſs the pores of it in many 'places; a multitude of 
minute globules of pure ſilver, like ſo many little drops, appearing on 
the outſide of the veſſel. 

In ſome part of the Weſt- Indies, they have a ſtone, whereof they make 
large veſſels to ſtrain water through; and one of theſe was ſent me as 
a preſent ; which I found to anſwer, tho' it was conſiderably thick. 
And if the hypotheſis, concerning the tranſparency of bodies from a 
rectitude of pores be juſt, we may draw a very probable argument 
for the poroſity of ſtones from. the phenomena of that odd gem, call'd 
Iculus mundi; for this, when dry, and in the air, is opake, almoſt like 
4 poliſhed piece of white amber; but if put into fair water, it will 
7 gra- 
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gradually become quite tranſparent. Now, according to that hypo- Purscs. 
theſis, the pellucidneſs, which this ſtone acquires in water, may be 
accounted for, by ſaying, that the liquor getting in at the crooked 
pores of the ſtone, does, for the time, rectify them, and make them per- 
vious to the ſtreight rays of light ; as white paper, being moiſten'd with 
oil, has its pores ſo changed, as to make it almoſt tranſparent z but up. 
on the abſence of the imbibed particles, the pores becoming crooked 
again, reflect thoſe rays of light they ſhould tranſmit. And what coun- 
tenances this doctrine, the Oculus mundi has been found to weigh more- 
in a nice balance, when taken out of the water, than betore it was 
ut in. 
a There appears ſo great a difference, in many qualities, betwixt ſtones 
and metals, that it is very probable, when the corpuſcles of both come 
together into one maſs, they will not touch one another ſo, as not to 
leave interſtices between them; whence I have been induced to think, that 
ſeveral ſtones are not void of poroſity. For I have obtained metalline 
om, both from granats, and emery ; tho* the latter be ſo exceeding 
rd, that it is uſually employed by artificers to work upon iron, and 
ſteel ; and to cut not only rock cryſtal, but ſeveral gems, harder than ei- 
ther that, or ſteel. Hence, alſo, we may probably infer the poroſity of 
many artificial gems, made by fuſion ; for to give theſe the colour of ſap- 
phires, topazes, amethyſts, &c. we add to the matter, either ſome pre- 
pared metal, as calcined copper, calx of gold, ec. or elſe ſome mineral, 
as Zaffora, and Magneſia, which abound in metalline parts. Nay, I have 
ſometimes given the colour by natural gems, as granats; tho to ſhew 
that the colouring, which the maſs received from theſe, proceeded from 
the metalline corpuſcles, that lay hid in the tinging matter, the colour 
produced was not that of the gem, but very different. And this experi- 
ment makes it alſo probable, that even natural gems are themſelves po- 
rous ; ſince they are made up of ſuch differing ingredients as ftony and 
metalline corpuſcles. From the ſame foundation we may, likewiſe, deduce 
the poroſity of marcaſites ; many of which I have obſerved to be not on- 
ly ſo hard, as plentifully to ſtrike fire by colliſion with ſteel, but more 
ponderous than many rich ores; for they uſually contain more or 
leſs of copper, iron, combuſtible ſulphur, a corroſive ſalt, and a certain 
fixed ſubſtance, which 1 found to differ from true earth. I might here, 
alſo, deduce the poroſity of the load-ſtone, as hard and ſolid a body 
as it is, from its effluvia, and heterogeneity. But the poroſity of mar- 
ble, and ſeveral other ſtones of like texture, appears from their ſolution by 
various corroſive menſtruums, and ſome of them even by vegetable li- 
quors, as the juices of lemmons and barberies: but a more ſatisfactory 
proof ariſes from the ſtaining of white marble, without any fretting li- 
quor, or ſpoiling the texture of it, as J my ſelf have try'd. For an excel- 
lent red colour may be made to ſoak into a piece of white marble, almoſt 
as oil ſinks into leather, without impairing the ſolidity of the ſtone, 


which, too, will be capable of as fine a gloſs as before. Some other _ 
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Pu sies. might, alſo, be brought to ſoak into marble. An artificer, whom I intro- 


WY OI 


+ Of metals. 


duced, preſented the king with an Andromeda, whoſe colours were very 


vivid ; and to fatisfy his majeſty, that the fine red was not a mere varniſh, 


I purpoſely broke a marble plate, in whoſe fragments, the pigment had 


ſank to a conſiderable depth: and a fine plate of ſuch white marble, with 
the penetrating pictures of coloured flowers upon it, I yet keep by me; 
and ſome utenſils of the ſame kind of ſtone, as hafts of knives, ſalt- ſellers, 
Cc. I have known to laſt for ſeveral years. But there is an experiment, 
that pleads much ſtronger for the poroſity of ſolid bodies, than even this 
of ſtaining marble. For, in Jraly, ſome goldſmiths have a way of imbuing 
fragments of rock-cryſtal, which is a body much harder than marble, 
with various. colours, ſo as to make them worth ſetting in gold rings. 
Upon information hereof, I attempted to tinge cryſtal, with indifferent 
ſucceſs; but ſuſpect that the vehement heat I employ*d made {mall cracks 
in ſeveral parts of the ſtone, wherein the pigment enter'd. 

That metals are porons, may be proved by their ſolution in appropri- 


ated menſtruums. But it ſeems more conſiderable, that even gy bodies 


between them. I coul 


will penetrate them without melting: and this we have effected by a ce- 
mentation of copper plates with common ſulphur, laid Stratum fuper ſtra- 


tum, in a cover'd crucible, expoſed to a proper degree of fire; the plates 


being thereby quite altered in colour, and texture ; ſome of them appear- 
ing of a dirty, others of a fine violet or blue colour. They were, alſo, 
generally render'd ſo brittle, that it was very eafy to break them with 
ones finger, and reduce them to powder. And many of them appeared 
to have been horizontally divided into two parts, with a manifeſt cavity 

Fi likewiſe, plainly diſcern a multitude of fibres, 


reaching from one of the flat ſides of the plate to the other, and running 


parallel with one another; which circumſtances ſufficiently argue, that 


they were pierced quite thro” by the ſulphur : beſides, they, alſo, gained in 


weight by the proceſs, appear d much thicker, and, laid upon quick coals, 


yielded a blue flame. By the like experiment we found refined filver to 
be penetrable by ſulphur, which will alſo calcine tin, lead, and iron. Me- 
tals are, alſo, penetrable by prepared arſenic. But theſe operations with 


It are dangerous. There is a ſtill farther way, without the help of ſalts, 


ſulphur, or arſenic, to make a ſolid and heavy body ſoak into the pores 


of copper, and give it a durable golden colour, that ſhall ſink conſidera- 


- metalline bodies, and be volatile enough to have their more ſubtile parts 


bly below the ſurface. 


A farther proof, to this purpoſe, is afforded us by the impregnation of 
ſolid bodies with odorous corpuſcles, as is practiſed on ſword blades at 


.Damaſo, and on many other hard ſubſtances by the Indians. An acquaint- 


ance of mine had a watch, whoſe metalline caſe ftrongly retained a per- 
fume, without ſenſible diminution. And, indeed, ſince both arſenic, and 
common ſulphur, may be incorporated with ſome metals; it ſeems not 
impoſſible, that ſcented ſubſtances ſhould be admitted into the pores of 


fly 
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off in odorous exhalations. I have made a metalline compoſition, which Puysics. 
looked like gold, and of which, I cauled a ring to be caſt, that retained WW x 


ſo many inviſible mercurial cor puſcles, as to prove medicinal. 

An inquiſitive nobleman, who had lived in ſeveral parts of Afric, 
told me, that ſome deſcendants of the Granadine Moors, made the beſt 
arms he ever met with; of whom he had a ſword-blade admirably per- 
fumed, as alſo the barrel of a fowling-piece. 


Glaſs being reputed the moſt compact body we know, it will be expected of l. 


I ſhould here ſay ſomething about the poroſity of it. And to proceed with 
ſome method, I ſhall throw what I have to offer upon this head into two 
diſtinct propoſitions, and annex obſervations to them. 


P R O P. . 


ht is very probable, that glaſs may be deeply penetrated, even by viſible and 
tangible bodies. 


Having long kept a certain ſpirit of ſalt in a vial, Lat length found the 
laſs crack'd, and moſt of the liquor run out; but before this happened, it 
d fo far corroded the inſide of the glaſs, that in ſome places it was be- 
come as thin as paper : and this part, which yet continued glaſs, was lined 
with a much thicker white ſubſtance, that ſtuck to the ſides of it, and 
looked and taſted like a kind of odd falt ; which made me conjetture, that 
it proceeded from the ſubſtance of the glaſs, which conſiſts of an alkali, 
as well as of ſand corroded by the ſaline ſpirits of the menſtruum, and 
coagulated with them into this odd kind of concrete : and *'twas remark- 
able, that the upper part of the vial, to which the menſtruum did not 
reach, was not corroded, nor altered, tho* the operation of the liquor 
reached as high as the liquor it ſelf: and an experienced chymiſt, aſſured 
me, that the like thing happened to him. I had alſo another vial cor- 
roded by a diſtilled liquor of vitriol, that contained more phlegm than 
oil: but ſome acid menſtruums will not corrode fo readily, if they are 
very ſtrong, as when diluted with a convenient quantity of water. Thus 
to oil of vitriol it ſelf, when employ'd to make Vitriolum Martis, we 
add water, that it may the better diflolve the iron. And it ſhou'd ſeem 
as if that vitriol had tome peculiar faculty of penetrating and fretting 
glaſs ; for diſtilling a pound of Dantzic vitriol, and a pound of ſea-falt, 
when the former had been very lightly calcined, and the latter decrepi- 
. tated ; we afterwards found the heat had here and there melted it, and 
that the fluxed Caput mortuum, had corroded the glaſs, fetching off films 
from it; and thoſe parts which did not appear to the eye thus manifeſtly- 
wafted, ſeemed, by their great brittleneſs, to have been penetrated, ſo that 
their texture was ſpoiled by the ſaline, and vitriolate corpuſcles. 


PROP. 
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Common plaſs is not uſually pervious to chymical liquors, tho flrong and ſubtile 
nor _ 4 directly 2 or odorable expirations of bodies; tho abſolutely 


ſpeaking, it is pervious to ſome corporeal ſubſtances. 


As for the firſt part of the propoſition; it is manifeſtly agreeable to 
common experience, that in well ftopp'd vials, the moſt ſubtile and pier- 
cing menſtruums, whether acid, urinous, or volatile, may be kept. And 
theſe, tho?” in diſtillation, they are often greatly agitated, and perhaps ſub. 
tilized by heat, yet if the luting, that joins the receiver to the retort, 
be very firm and cloſe, will often burſt the receivers to pieces; which pro- 
bably would not happen, if the ſpirits could inſinuate and preſs thro the 

res of glaſs. It may be pretended, that ſuch veſſels are thick; but 

ving procured very fine bubbles blown extremely thin, I could not 
find, that either dry ſalt of tartar, would relent in one, that long lay 
under water, or that ſtrong ſpirit of ſal-armoniac, would penetrate ano- 
ther, which we kept for a great while immerſed in it. Theſe, and ſome 
other trials, have made me very diffident of the experiments delivered by 
ſome men, as to the perviouſneſs of ordinary glaſs veſſels to chymical li- 
quors; as that mercury and Aqua fortis, being digeſted together in a bolt- 
head, may, by rubbing the outſide of the glaſs, be made viſibly and pal- 
pably to tranſude : which experiment I purpoſely made with care, but 
without ſucceſs. After all, it muft be remembred, that I here ſpeak 
of what uſually happens: for in ſome extraordinary caſes, I do not 
abſolutely deny, that the general rule may admit of exceptions ; which 
are likelieſt to take place, when the peculiar texture of the glaſs is ſlight ; 
or when the bodies to pervade it, are vehemently agitated by heat; or 
when, beſides both theſe, their particles chance to have a particular fitneſs 
to that particular glaſs, they are to paſs through. I have ſeen a glaſs 
10 ſoft, that veſſels of it would be manifeſtly prejudiced by liquors, not 
conſiderably 82 or corroſive, if they were put in very hot. I have alſo 
heard another ſort of glaſſes complained of by diſtillers, as ſubject to 
be injured by corroſive liquors. And I once knew a phyſician, whom ſe- 
veral chymiſts ſuſpected to have the philoſopher's ſtone, but debating his 
principles freely with him, he own'd he had been miſtaken, and frankly 
gave me an ingenuous account of his proceedings, wherein the principal 
thing which dazled him, was, that he had reduced the matter he wrought 
upon, real gold, to ſuch a degree of fuſibility, and ſubtilty, that when 

gave too ftrong a fire, as miſtake or curiofity made him ſeveral times 
do, the finer part of the metal would ſweat through his glaſſes, and 
ſtick ſometimes to the outſide of them, and ſometimes to the neighbour- 
ing bodies. I objected, that he might here be miſtaken, and that what 
he thought had come out by tranſudation, rather iſſued at ſome ſmall 
unheeded crack ; but he replied, that he had made the obſervation ſo 


often, 
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often, and with ſuch care, as had fully ſatisfied him it was a real penetra- Parysrcs. | 
tion of the glaſs, by the attenuated metal. But whatever be judged of 


this matter, having once diſtilled ſpirit of harts-horn, with a very ſtrong 
fire into a large and thick receiver, but of a courſe kind of glaſs; it ap- 
rd that the glaſs it ſelf was penetrated by fome fumes, or ſubtile li- 
quor, that ſettled, in ſtrongly ſcented drops, on the outſide of it. But ſuch 
inſtances being very rare, and happening but in ſome caſes, or conjunctures 
of circumſtances, they affect not the truth of the firſt part of our propo- 
ſition, in the ſenſe whereig it is delivered. And as to the ſecond part, 
which aſſerts the perviouſnels of glaſs to ſome corporeal ſubſtances, it ap- 
pears from the free ingreſs and return, which our ſealed thetmometers 
ſhew, the atoms or corpulcles of cold and heat, are allow'd to make thro? 
the pores of glaſs, that contains che riſing or falling tincture, or other 
liquor. And the effluvia of a load-ſtone will invigorate ſteel in hermeti- 
cally ſealed glaſſes: nay, the effluvia of the earth, are readily tranſmit- 
ted thro? glaſs, and will operate on iron, in veſſels hermetically ſealed. If 
light be, as probably it is, either a ſubtile, and rapidly moving body, or 
at leaſt requires ſuch an one for its vehicle, it is poſſible for a body, with- 
out difficulty, to paſs through the pores of glaſs; ſince, by the help of 
light, we can clearly fee the dimenſions, ſhapes, and colours of ob- 
jets included in glaſſes. And bodies, far leſs ſubtle than thoſe which 
conſtitute or convey light, may permeate glaſs, if they be aſſiſted by an 
impetuous motion, or a brisk impulſe; as I have found by the increaſe of 
weight in ſome metals, expoſed, in hermetically ſealed glaſſes, to the acti- 
on of flame. And, without any ſenſible heat, I think it not impoſſible, 
that glaſs ſhould be freely penetrated by ſome kind of corpuſcles, which 
happen to rove about in the air; for, having in two or three vials, cloſely 
ſtopp'd, kept a certain tranſparent, colourleſs liquor, it would by fits ac- 
quire, and loſe an high colour; tho” I could not reaſonably impute the 
changes to any other cauſe ſo probable, as the admiſſion and excluſion of 
ſome particles, which at that time happened to ſwim in the air, and now 
and then to invade, or deſert the liquor. 


There is another argument for the poroſity of glaſs, to be drawn from The way of 
louring glaſs. 


ſome of the ways of — it, for the windows of churches, and other 
buildings. For tho? it be, in ſome caſes, rather painted, or ſuperficially en- 
amelled, than tinged ; yet, in others, the pigment appears to pierce a little 
beneath the fuperficies of the glaſs; and the yellow colour will not on- 
ly go deeper, but ſometimes ſeems to penetrate the whole glaſs from 
ſide to ſide. The methods of ſtaining it, having been hitherto known 
but to few, the artificers are ſhy of their ſecrets; tho we know, in general, 
that it is done by covering the plates with mineral pigments, laid on beds 
of beaten lime, qt ſome other convenient powder, and kept for ſeveral 
hours in-a ſtrong fire, yet not ſtrong enough to melt down the plates; by 
whichemeans the pores of the glaſs being much opened, and the pigments 
likewiſe agitated, and ſome of them, as it were, vitrified with it, they are 
made either to pierce into the plate, or at leaſt to ftick very cloſely to it. 
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pursics. But to ſhew, more particularly, that glaſs is porous, we took filver calcine d 
by burning tulphur upon it in the open air, and laid it upon a piece of glaſs, 
and placed it, with the pigment uppermoſt, upon a few quick coals to neal 
a while; we gave it about ſuch a degree of heat, as might make, and keep 
it red hot, without ſuſion; and then ſuffering it to cool by degrees, we 
found that the glaſs had acquired a yellow, and almoſt a golden colour, not 
to be waſhed off, or taken away without ſuch ſcraping as would ſpoil the 
glaſs itſelf. And, by the way, it is remarkable, that if the fire be made 
too ſtrong, the dyed glaſs, when held againſt the light, appears of a gol- 
den or yellow colour; yet when held from the light, looks blue. Whe- 
ther the gold-colour, produced by ſilver, favours the hopes of thoſe 
chymiſts, who work on that metal, upon preſumption, that ir is but un- 
ripe gold, I muſt not here examine. But, ſince yellow is not the co- 
lour of filver, the yellowneſs, acquired by our glaſs plates, ſeems to 
argue, that the ſubſtance of the particles of the ſilver has penetrated 
into the glaſs; there appearing no way ſo ready to account for this change 
of colours, as by ſuppoſing the particles of the ſilver to be wrought on by 
the fixed ſalts, and other fine parts of the glaſs ; ſince we know, that 
metals may afford differing colours, according to the ſaline and other bo- 
dies that work upon them; as copper with ſpirit of urine, which abounds 
in volatile ſalt, gives a deep blue; with ſpirit of falt, a fair green; and 
with Aqua fortis, a colour that participates of both. And in making glaſs 
of lead with minium and white ſand, or cryſtal, the glaſs itſelf, if well 
prepared, is uſually of an amethyſtine colour: but if a due proportion of 
calcined copper be put to it, this metal will not communicate its own red- 
diſhneſs to the glaſs, but ſo a good a green, that ſometimes pieces of 
this glaſs, ſuch as we have cauſed to be cut, and ſet in rings, might, 
amongſt thoſe who judge of ſtones only by the eye, paſs for tolerable 
emeralds. 
Wheth'" the lt may here be asked, whether glaſs can be tinged quite through with 
art of flaining a red? and whether the art of dying glaſs be now altogether loſt? We 
gloſs be i. can anſwer the firſt queſtion inthe affirmative; tho” the red tincture being 
communicated not properly by mere penetration of the pigment, but b 
the incorporation of it with the glaſs, or its materials, by the help of fuſi- 
on, I think the experiment of no great uſe in our preſent inquiry: and as to 
the ſecond queſtion, I with it may be cautiouſly ſtated. - For upon the 
burning of St. Paw's Cathedral in London, many pieces of the red glaſs 
were found broken, and ſcattered about, ſome of which I procured ; 
when I came to examine them narrowly, I was confirm'd, that the red- 
neſs did not penetrate the whole glaſs ; for, tho? in other poſtures no ſuch 
thing could be diſcerned, yet when I fo held it, that the ſurfaces of the 
late lay in a level with my eye, between it and the window, ſo that the 
23 edge was next my eye, I could plainly ſee the lower part of the 
plate to be of ordinary uncoloured glaſs, upon which there lay a very thin 
late or bed of a tranſparent red pigment, which, it was not impoſſible 
in ſome places to ſcrape off, But to return to thoſe colorations, that ſeem 


to 
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ro penetrate the pores of glaſs; J had once occaſion to diſtil, in a ſmall Pursies. 
retort, ſome gold amalgamed with ſuch a fine and ſubtile mercury, that 


being put to the metal in the cold, they preſently grew hot together: 
and in the diſtillation of this uncommon mixture, Ifound the matter had, 
before it flew away, permanently ſtained about an inch in diameter of 
the bottom of the glaſs, with a colour, like that of the better ſort of 

turquoiſe ; but being viewed, when it was interpoſed between the window 
and the eye, it appeared of a ſomewhat golden colour. And an induftri- 
ous perſon, having united gold with a particular quick-filver, by my di- 
rection, he kept them in _—_ for ſome months; when, the fire having 
been immoderately increaſed, the ſealed glaſs burſt with a frightful noiſe ; 
and the included amalgam was ſo ſtrangely diſſipated, that ſcarce the 
leaſt fragment of it could be recovered. But the ſtate of decoction having 
continued a long time, it ſeems the matter was ſubtilized enough to have 
a notable operation on the glaſs. For tho? the upper part were blown off, 
and ſhattered into pieces, yet the lower eſcaped tolerably whole; and I 
took notice, with delight, that it was tinged throughout of a fine and 
glorious red, hardly to be matched by that of rubies. | 
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PARTS of SOLIDS. 


Reſt, what 2 T: E term reſt, applied to viſible and entire maſs of matter, 


commonly ſignifies ſuch a ſtate of it, wherein no motion, either 
of the whole, or its particles, appears to the eye. And in this 
ſenſe ſeveral bodies may, doubtleſs, be ſaid to be at reſt. 
No bodies at But there is alſo a more ſtrict and philoſophical kind of reſt; which we 
abſolute ret. may call abſolute ; importing the continuance of a body in the ſame place 
preciſely ; with an abſolute negation of all motion, tho' ever ſo flow or im- 
perceptible. And in this rigid ſenſe of the word, perhaps no bodies in the 
univerſe are at reſt. "i | 
On the Epicurean hypotheſis of the world, the atoms that compoſe all 
the parts thereof are in perpetual motion. And if we admit the Car- 
reſian ſcheme, a ſubtile matter conſtantly paſſes thro* the pores of 
e moſt ſolid bodies; and therefore, in all probability, is continually 
thaking the minute parts of thoſe that ſeem to be at reſt; the eye takin 
no notice of the motion: as a gentle wind, ſtealing thro' a grove, al 
not, to a remote ſpectator, appear to ſtir the leaves. and twigs of the 
trees. 

Several fluids, which appear to be continued maſſes of matter, and to 
reſt as much as the veſſels that contain them, yet have their conſtituent 
parts in a various actual motion, tho ſlow and unperceiv'd. 

That there may be, likewiſe, ſucht a motion in the minute parts even 

of fil ver and iron, appears by the heating of thoſe metals almoſt red hot; 
when tho' the eye diſcerns no motion, the touch will be ſufficiently af- 
fected by. it; water thrown upon them in that ſtate will be made to 

Boil ; and bare agitation, without the aſſiſtance of fire, will enable theſe 
metals to exhibit the like phenomena: 

If a ſteel ſpring be forcibly bent, and kept, for a molerate time, in that 
poſture, *twill, upon the removal of the force, reſtore it ſelf; but if de- 
tain'd very. long in that poſition, it gradually loſes its motion of reftitu- 
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tion; which ſhews the power of ſome ſecret tho' familiar agents in Pursics. 
nature; and that, where there is a continual endeavour of the parts of = 
body to put themſelves into another ſtate, the progreſs may be much 

flower than we uſually imagine. And this is farther manifeſt from the 

durable magnetic power gradually gain d by a rod of iron, ſtanding for a 

long time, perpendicularly, expoſed to the air. 

Lignum Vite, tho” it ſeems to be the moſt ſolid wood we know, yet I am An inteftine 

inform'd from good hands, that it requires a great length of time to ſea- motion in the” | 
fon it ; ſo that it ought to be kept for twenty years before tis fit for ſome . of woot | 
purpoſes; otherwiſe the heat of the ſun will crack and cleave it to pieces. 
And in turning this wood, cavities of ſeveral {tzes have been found filkd 
with conſiderable quantities of gum. Now, ſince ſo ſolid a body requires 
ſo long a time to ſeaſon it, that is, to give it a due compatinels ; and 
ſince this ſeaſoning ſeems to conſiſt in the gradual avolation of the 
looſer, aqueous and more fugitive parts, whereby the remaining ſolid. 
ones are brought cloſer together; it follows, that even in the inter- 
nal parts hereof, there muſt be a motion, thy* too flow to. fall imme- 
diately under the ſenſes. And, if the gum above-mention'& be genera- 
ted, as tis probable, after the tree is cut down; then a groſs, tenacious 
ſubſtance may penetrate one that is very ſolid and inanimate ; which 
cannot happen without an inteſtine motion among the parts of the 
wood, and, probably, a wonderfully flow one of thole of the gums: 

Nay, wood of a much looſer texture will require a longer time to 
feaſon it than guaiacum. For ancient muſicians and makers of mulicat 
mſtruments declare, that ſome lates will require forty years to bring them 
to their due tone; if the wood be thick, and other circumſtances not 
very favourable. And I have been inform'd, that there are ſome fa- 
mous inſtruments of the ſame kind, which, to attain their full tealoning 
and beſt ſound, require the ſpace of fourſcore years. 

The walls, alſo, of ſome buildings, attain not their due hardneſs and Stones: 
folidity in leſs than forty years, or more ; whence the motion of their 
internal parts may well be argued. And there are ftony as well as me- 
talline marcaſites, which have ſo great a motion in their internal parts, | 
that, if expoſed to the air, they will manifeſt a vitriolate efloreſcence on | 
their ſurface, and, in tract of time, burſt to pieces; of which l have ſeen | 
ſome inſtances. And this vitriolate efloreſcence will, as I-have try'd, hap- 
pen on the internal ſurface of a broken marcaſite, as well as on the ex- j 
ternal. But what is more extraordinary, a gentleman, of my acquain- 
tance, had a turquoiſe ſtone, wherein were ſeveral ſpots of different colours, 
which ſeem'd to him, for many months, to move ſlowly from one part of N 
the ſtone to the other. And, having the ring, whereim *twas ſet, put into | 
my cuſtody, I drew pi&ures of the ſpots at different times; and by com- 
paring ſeveral of the . . together, it evidently appear d that they 
fifted' their places, as if the matter whereof they conſiſted made its 


way thro” the ſubſtance of the ſtone. And, as far as we obſerved, the mo- | 


tion of theſe ſpots was exceeding flow and irregular. a 
jeweller,,, 
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Ppursics. jeweller, likewiſe, aſſured me, that, in a few turqucile ſtones, he had obſery. 
ed two diiferent blues, in diiterent parts of the tame ſtone; and that one of 


Diamond -. 


thele colours wou'd, by flow and imperceptible degrees, invade, and, at 
length, overſpread that part of the ſtone, which the other before poſ- 
ſeſsd. And the fame gentleman who lent me the ſported turquoiſe, 
alſo ſhew'd me an agate-haft of a- knife, wherein was a certain cloud, 
which an ingenious perſon - had for ſome years obſerved to change its 
place in the ſtone. | 

Glaſs and diamonds afe generally eſteem'd bodies of the cloſeſt and 
firmeſt texture that nature and art afford. I thereiore, we can ſhew an 
inteſtine motion in theſe, it will hardly be denied in ſoiter ſubſtances, 
Now, diamcnds eaſily become electrical; and ſome of them will, by being 
rubbed upon a cloth, be brought to ſhine in the dark; in both which 
caſes a change of texture, even of the internal parts, is required: and the 
friction producing this change, doing it immediately by putting the parts 
of the ſtone in motion, it ſeems that a very moderate force may caule an 
inteſtine motion, even in the internal parts of diamonds. And, perhaps, 
more hidden agents may make impreſſions upon theſe hardeſt of bodies. 
In a diamond-ring which I conſtantly wear, I have often ſeem'd to obſerve 
a manifeſtly greater clearneſs and ſparkling at ſome times than at others; 
when I cou'd aſcribe neither to any manifeſt cauſe. And ina rough dia- 
mond of mine, I have in a ſhort time obſerved conſiderable variations in 
its degrees of electricity; tho' no manifeſt caule appear'd of ſo ſurprizing 
a phenomenon. A very ingenious lady, alſo, who wears abundance of 
diamonds, aſſur'd me, the had often obſerved the like alterations in ſome 
of them; which wou'd ſometimes ſparkle more, and ſometimes be far 
more dull than ordinary, tho' neither the weather nor the foulneſs of 
the ſtones cou d occaſion it. And JI have ſeen a cloudy Hungarian dia- 
mond, made clear by lying for ſome time in a cold liquor; and the owner 
afficm'd it wou'd gradually loſe more of its cloudineſs, the longer it was 
detain'd therein. And what I ſaw my ſelf, ſufficed to ſhew, that changes 
are producible even in the inward parts of ſuch diamonds, by agents 
acting without any apparent violence. 

And if, as tis poſſible, diamonds may be generated from time to time 
in the bowels of the earth, perhaps they may, aſter they ſeem perfect, and 
fit for rings, long continue to have an inſenſible motion throꝰ the whole 
of them; whereby the component particles of each may be diſpoſed into 
a more convenient texture, to conſtitute an extremely hard body : for 
diamonds are not equally hard. An expert lapidary aſſures me, he finds 
{ome of them ſo ſoft and brittle, that he refuſes to cut or poliſh them, 
leſt they ſhou'd break upon the mill. And a late French author, giving 
an account of the Eaſtern diamond-mines, tells us, that the ſtones of 
the third mine are very clear, and of a good water, but muſt be ground 
with ſtones of the ſame mine, becauſe with thoſe of another they wou'd 
be broken to pieces; for they eaſily break upon the wheel ; ſo that 
tuch as are not verſed in them, may be eaſily deceiv'd therein. Tos 
author 
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author farther adds, that upon moſt of the diamonds of the ſecond mine, physics. 
there appears a kind of greaſineſs, which ſeems to proceed from ſome in-. | 


ſenſible effluvium of the ſtone, condenſed by the air on the ſurface : 
which conjecture might be examin'd by an exact balance. A curious 
ladv, very nearly related to me, has a fair ruby, ſet in a rich ring, 
which ſometimes yields a more vivid fire than ordinary, and at others is 
manifeſtly more dull and cloudy, tho” this be in no wiſe owing, as ſhe 
expreſly aſſured me, upon repeated obſervations, to the cloudineſs of 
the weather, or any ſuperficial foulneſs of the ſtone. 
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Upon inquiry among the makers of teleſcopes, and ſuch as uſe them, I 4d g/a{s- 


found that the Venice- glaiſes employ'd in them, wou'd ſometimes crack, 
ſpontaneouſly, whilſt they were in plates, and ſometimes after they were 
ground and pol'ſn'd. And I have ſuſpected that ſome faline corpulcles, 
more numerous than the nature of the glaſs requires, may, by flow and 
imperceptible degrees, ſo tend towards the ſurface of it, as either to get 
out at its pores, or crack, or burſt the glaſs, in attempting to force a paſ- 
fage outwards, And I am inform'd by ſuch as deal much in glaſs, that 
there will ſometimes, eſpecially in the winter and very moiſt weather, be a 
kind of effloreſcence, of a ſaltiſh taſte, manifeſtly diſcernable upon the ſur- 
face of their glaſſes. I have, alſo, a thick glaſs cup, that was, ſoon after the 
making, ſo flaw'd with a multitude of little cracks, that at a diſtance it 
look'd white, and not trantparent. I have, ſometimes, allo, had veſſels, and 
other bodies of glafs conſiderably thick, which, of their own accord, have 
ſuddenly, and with noiſe, broke to pieces, tho ſome of them had been well 
nealed. And the like, upon inquiry, I find has frequently happer'd to glaſs- 
men and others; particularly, ſeveral pieces of large ſtrong looking-glaſſes, 
broke in this manner, have been ſhew*d me, by the maker, who aliured me 
this wou'd ſometimes happen, after they had long ſtood in his ſhop ; when 
they wou'd fly aſunder with ſuch violence, as to break ſome adjacent plates, 
tho'thick and ſtrong. Nay, this diſpoſition to break, has continged in ſome 
ſorts of glaſs for ſeveral years; particularly in a parcel that had lain by for 
above four years; which when the maſter of a glaſs- houſe came, as he told 
me, at length to open, and range in order, a fourth, or a third part of the 
whole number, ſoon after crack'd ſpontancouſſy. Now whether we ſolve 
theſe phenomena on the atomi-al or Carteſian hypotheſis, there will ap- 
pear to be an inteftine motion u glaſs, which being eaſily made electrical 
by friction, and as eaſily crack'd by applying a hot iron firſt, and then cold 
water to a part of it, farther confirms this doftrine. Glaſs, alſo, ſwells con- 
ſiderably, or alters its figure aſter tis blow, and ſcems to be ſufficiently 
cooled. For when white glaſſes are blown into a mould, they cannot, 
when cold, be put again into the ſame ; and require the cells of guard- 
vials to be larger than the mould. From the whole, I will not poſitively 
infer, there is no ſuch thing as abſolute reſt in nature, but, probably, 
the e is not; ſince we have not found it in thoſe bodies, where it might, 
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The common 
notion of the 
natural and 
preter-natural 
fates of bodice, 
ebſcure, unjuſt, 
and liable to 
be miſapplied. 


CONSIDERATIONS 


UPON THE 


NATURAL 


PRE-TERNATURAL STATES 


Es 1 
BO DIE S- 
Eſpecially the AIR. 


HE famous diſtinction between the natural and pre- ternatural 
or violent ſtate of bodies, as well inanimate as animate, has 
f been univerſally admitted; and hypotheſes and reaſonings are 
daily, without the leaſt ſcruple, founded upon it, as if it were moſt cer- 
tain, that nature had purpoſely framed bodies in a determinate ſtate, 
and were always watchful that they ſnould not by any external violence 
be put out of it. . 
ut notwithſtanding ſo general a conſent in this point, I confeſs, I can- 
not yet, be ſatisfied about it, in the ſence wherein it is uſually taken. *Tis 
not that believe, there is no ſence wherein a body may be ſaid to be in its 
natural ſtate ; but that I think the common diſtinction of a natural and 
violent ſtate of bodies has not been clearly explained, and conſideratel 
ſettled ; and that it is not only ill grounded, but oftentimes ill applied. 
For, ſince whatever ſtate a body is put into, or kept in, it obtains or re- 
tains that ſtate, according to the univerſal laws of nature; in this ſence, 
the body propos'd muſt be in a natural ftate : but, upon the ſame ground, 
twill be hard to deny, that thoſe-bodies which are ſaid to be in a violent 
ſtate, may, alſo, be in a natural one; ſince the violence, they are preſumed 
to {n:ter from external agents, is, likewiſe, exerciſed no otherwiſe than ac- 
cording to the eſtabliſhed general laws of nature. *Tis true, when men 


look 
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look upon a body as in a preter-natural ſtate, they have an idea of it dif- Puxsics- 
ferent from that which they had whilft they believ'd it to be in a natura 


one : but perhaps this difference ariſes chiefly from hence, that they do 
not conſider the condition of the body, as it reſults from the univerſal 
laws ſettled among things, and relates to the univerſe ; but eſtimate it 
with regard to what they ſuppoſe is convenient or inconvenient for the 
particular body it ſelf. However, it ſeems to me, that the determining 
a body to be in a natural or preter-natural ſtate has much more in it, 
either of caſual, or of arbitrary, or both, than they are aware of. 
For, we often think a body to be brought into a violent ſtate, not 
becauſe the former was really leſs ſo, but becauſe there is a notable: 
change made in it, by ſome agent, which we alſo take notice of; 
whereas, before the action of that agent, if the body were under any 
violence, *twas exercis'd by uſual, but unobvious agents; tho? per- 
haps, their action were not leſs, but diſregarded more. And ſome- 
times, alſo, no more is to be underſtood by a bodies being forc'd from 
its natural ſtate, than that it has loſt what it had immediately, or 
a conſiderable time, before ſome notable change. 

Now, matter being deſtitute of ſenſe and appetite, cannot be truly 
and properly ſaid to affect one ſtate or condition more than ano- 
ther; and conſequently has no true defire to continue in any ſtate, 
or to recover it when once loſt: and inanimate bodies are in their 
ſtate, not as the material parts they conſiſt of choſe or defired to 
make them, but as the natural agents, that brought together and 
rang'd thoſe parts, actually made them. Thus, a piece of wax is un- 
concern'd, whether you give it the ſhape of a ſphere, or a cone; 
and whether, when it has that form, you change it into any other; 
the matter ſtill retaining, without willingneſs or unwillingneſs, becauſe 
without perception, that figure or ſtate which the laſt action of the 
agent determined it to, and left it in. 


The moſt uſual inſtance produced to ſhew, that a Rate is natural Whether mn. 
to a body, and that being put out of it, by external cauſes, it will, ** be not 47 


upon the ceſſation of their violence, be reſtored thereto, is, that wa- 


properly thaw'd 


ter being heated by the fire, returns to its native coldneſs, as ſoon as frozen water. 


that adventitious heat vaniſhes; and ſo when, by an excels of cold, it 
is congeal'd into ice, it, upon a thaw, loſes that preter-natural hard- 
neſs, and recovers the fluidity naturally belonging to it: and the ſame 
may be, likewiſe, ſaid of butter, which, being melted by external heat 
into a liquor, does, upon the ceſſation af that heat, grow a conſiſtent 
hody again. But as to the coldneſs whereto water heated by the 
fire, returns when *tis remov'd thence, it may be ſaid, that the ac- 
quired head conſiſting but in the various and brisk agitation of the 
corpuſcles of the water by an external agent, it is no wonder, when 
the agent ceaſes to operate, that the effect of its operation ſhould 
ceaſe too, and the water be left in its former condition ; whether we 
ſuppoſe it to have been heated by the actual pervaſion of the cor- 
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pursics. puſcles of the fire, which by degrees fly away into the air; or that 
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the heat proceeds from an agitation imparted by the fire to the 
aqueous corpuſcles, which muſt, by degrees, loſe that new agitation, 
by gradually communicating it to the continguous air and veſſels , ſo 
that, if the former agitation of the particles of the water were, as 
is uſual, much more languid than that of our organs of feeling, in 
which faintneſs of motion the coldneſs of the water conſiſted, there will 
be no need of any poſitive internal form, or any care of nature to ac. 
count for the waters growing cold again. This may be confirm'd b 
conſidering what happens to ice, which is ſaid to be water brought 
into a preter- natural ſtate by an exceſs of cold. For, I doubt, twil 
not be eaſily demonſtrated, that, with regard to the nature of things, 
and not to our arbitrary ideas of them, ice is water . 
harden'd by cold, and water not ice preter-naturally thaw'd by heat. 
For if you urge, that ice, left to it ſelf, will, when the frigorific 
agents are removed, return to water; I anſwer, that, not to mention 
the ſhow and ice that lie all the ſummer long unthawed upon the 
tops of the Alps and other high mountains, I have learn'd, by in- 
quiry, purpoſely made, from a phyſician, who for ſeveral years pra- 
ctiſed in AMuſcovy, that in ſome parts of Siberia, the ſurface of the 
ground continues more months of the year frozen, by what is call'd 
the natural temperature of the climate, than thaw'd by the heat of 
the fun; and that a little beneath the "ſurface of the ground, the 
water, which chances to be lodged in the cavities of the ſoil, con- 
tinues frozen all the year; ſo that, when in the heat of ſummer 
the fields are cover'd with corn, if you dig a foot or two deep, 
you ſhall caſily find ice and a frozen ſoil: whence a man born and 
bred in the in-land part of that country, and inform'd only by his 
own obſervation, may probably look upon water as ice violently melt- 
ed by the ſun, whoſe heat is there ſo vehement, as to ripen the har- 
— leſs time than in our temperate climates, will be eaſily cre- 

ted. 

On the other ſide, we in England look upon melted butter, as brought 
into a violent ſtate by the operation of the fire; and therefore think 


ent form, be that, when being remov'd. from the fire, it becomes a conſiſtent body 


the natural 
ene of butter, 
& c. 


again, it has but recover'd its native conſtitution. But there are ſe- 
veral parts of the Eaſ-Indies, and, I doubt not, of other hot coun- 
tries, where the inhabitants, if they ſhould ſee conſiſtent butter (as 
ſometimes by the care and induſtry of the Europeans they may do) 
they would think it brought to a 2 te, by ſome artifi- 
cial way of refrigeration. For in thoſe parts of the Indies I ſpeak of, 
the conſtant temper of the air being able to entertain as much agi- 
tation as ſuffices for fluidity in the parts of what, in our climate, 
would be butter, it were in vain to expect, that, by being there left 
20 it ſelf in the air, it ſhould become a conſiſtent body. And I _—_ 
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learn'd, by diligent inquiry, of ſea-men and travellers, both Engliſ and Purstcs. 
others, who were eye-witneſſes of what they told me, that, in ſeve- L&D 


ral parts of thoſe hot regions, butter, unleſs by the Europeans, or their 
diſciples, purpoſely wade in the cold, remains fluid all the year long, 
and is fold, or diſpens'd, not as conſiſtent bodies, by weight, but as 
liquors, by meaſure. To ſtrengthen this obſervation, I ſhall add, that 
a learned man, who pradtis'd phyſic in the warmer parts of America, 
affirm'd to me, that he met, in ſome places, with ſeveral druggs, which, 
tho? they there ſeem to be balſams, as turpentine, &c. are with us, 
and retain'd that conſiſtence in thoſe climates; yet when they come 
into our colder regions, harden into gums, and continue ſuch both 
winter and ſummer. On the other hand, inquiring of a traveller, vers'd 
in phyſical affairs, about the effects of great heat in the in- land part 
of Africa, where he had lately been; he told me, among other things, 
that roſin of Jalap, which, when he carried it out of England, was of 
a conſiſtence not only dry, but brittle, did, when, and a while before 
he came to Morocco, melt into a ſubſtance like turpentine ; ſo that 
ſome of it which he had made up into pills, would no longer re- 
tain that ſhape, but remain as it were melted all the while he ſtayed 
in the neighbouring countrey; tho' when he came back to the borders 
of Pain, it return'd to its former conſiſtence. And having my ſelf conſi- 
der d ſome parcels of gum Lacca, newly brought aſhore from the Eaſt- 
Indies; tho' it be a hard and ſolid gum, yet I found by ſeveral in- 
ſtances, that, in paſſing thro the torrid Zone, various pieces of it, not- 
withſtanding the ſhelter afforded it by the great ſhip it came in, had 
been, by the heat of the climate, melted, and made to ſtick toge- 
ther; tho? afterwards they regain'd their former conſiſtence, but not 
altogether their former colour. And I learn'd from a particular ac- 
quaintance of mine, who brought me ſeveral rarities out of America, 
that, having at the place where 'twas made, among other things 
farniſhed himſelf with a quantity of the beſt aloes, he obſerved it to 
be, whilſt he ſail'd thro' very hot climates, ſo ſoft, that, like liquid 
pitch, it would often have fallen out of the wide-mouth'd veſſel 
wherein he kept it, if he had not, from time to time, been careful to 
prevent it: but when he came within a hundred leagues of the coaſt 
of England, it grew hard, and ſo continued; tho) this were in a very 
warm ſeaſon of the year, being about the dog-days. 

And as to that moſt obvious body, the air, or atmoſphere, where- 
in we live and breathe, tho' ſeveral opinions and arguments are found- 


atmoſphere be 


ed upon what authors call its natural and preter- natural, or violent ſtate, „ , vieent 
yet he who conſiders, will find it no eaſie thing to determine what state. 


ſtate of the air ought to be reputed its truly natural ſtate, unleſs in 
my ſenſe of that expreſſion. I will not inſiſt on the heat and coldneſs of 
the air; for, thoſe being manifeſtly very different in the depth of win- 
ter, and in the heat of ſummer, and in differing regions of the air, as 
ac the top and bottom of high mountains, at the ſame time, and con- 
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Puysrcs. ſtantly in different regions of the earth, as in Barbary and Greenland; 
LAN DV twill not be ſo eaſie to determine what is its natural ſtate : but that 


only which I ſhall now conſider, is its ſtate or tone in reipett of ra- 
rity and denſity. For, ſince the air is ſuppoſed to be condenſed by 
cold, and expanded by heat, I demand, at what time of the year, 
and in what countrey, the air ſhall be reputed to be in its natural 
ſtate? If you name any one time, as the winter, or the ſum— 
mer, I ask, why that muſt be the ſtandard of the tone of the air, 
rather than another ſeaſon, or at leaſt excluſive of all others? The 
like difficulty will alſo ariſe about the climate or the place. And 
theſe ſcruples are the more allowable, becauſe learned men have deli. 
verd, that in ſome countries the mercury in the Torricellian experi- 
ment, is kept higher than in others, (as in Sweden than in Italy;) and 
our barometers inform us, that often, in the ſame place and day, the 
quick-lilver in the ſame inſtrument conſiderably varies its height; 
which ſhews, that the air or atmoſphere muſt neceſſarily vary its 
weight, and therefore probably its degree of rarity or denſity, 

But I have a further conſideration to propoſe in this affair: for, what 
if it ſhall appear, that neither in winter nor in ſummer, in Sweden or in 
Hhaly, or in whatever country, region, or ſeaſon you pleaſe, the air 
we breathe is in any other than a preter-natural ſtate z nay, that 
even when we have vehemently agitated and expanded it, by an in- 
tenſe fire, it is not yet violently rarified, but violently crowded; un- 
leſs, in the ſence above-mention'd, we underſtand the preter-natural ſtate 
of rariſaction in the air, with reſpect to the tone it had before the laſt 
notable change was produc'd in it? This will, I queſtion not, ſeem 
a ſurprizing paradox: but yet, to make it probable, we need on- 
ly reflect upon two or three air-pump experiments; whereby it ap- 
pears, firſt, that the air being a body abounding with ſpringy parti- 
cles, not deftitute of gravity, the inferior muſt be compreſs'd by the 
weight of all the incumbent :: and next, that this compreſſion is fo 
great, that tho* by the heat of the fire we could not bring a por- 
tion of included air to be expanded to above fourſcore times its for- 
mer dimenſions; yet, without heat, by barely taking off the preſſure 
of the ſuperior air, by the help of our pneumatical engine, it 
was rarified more than twice as much: and I have, more than once, 
rarified it into above five hundred times its uſual ſpace; ſo that if, 
according to what is generally allow'd and taught, a body be then 
in a preter-natural ſtate, when by an external force it is kept in a 
eondition from which it inceſſantly tends to get free; and if it be 
then moſt near its natural ſtate, when it has the moſt proſperouſſy 
endeavoured to free it ſelf from external force, and comply with its 
never-ceaſing tendency ; if this be ſo, 1 ſay, then the air we live in 
is conſtantly in a preter-natural ſtate of compreſſion by external force. 
And when it is moſt. of all rarified by the fire, or by our engine, 
its ſprings having far more conveniency than before to diſplay — 

ſelves, 
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ſelves, which they continually tend to do, it anſwerably approaches Purzics;. | 
to its natural ſtate, which is to be yet leſs compreſſed, or not at all. LG NIN; 


And 1 have carefully try'd, for many months together, that, when 
the air has been rarified much more than even a vehement heat will 
bring it to be, yet, if it were fenc'd from the preſſure of the exter- 
nal air, it would not ſhrink to its former dimenſions; as if it had 
been put into a Violent ſtate, from whence nature would reduce 
it; but it continued in that great and ſeemingly preter-natural de- 
gree of extenſion, as long as I had occaſion to obſerve it. We might 
here ſhew, that this odd conſtitution of the air is ſo expedient, if 
not neceſſary for the motion, reſpiration, and other uſes of animals, 
and, in particular, of men, that the providence: and goodneſs of the 
wiſe author of the univerſe is thereby ſignally declared. But we 
are not here to employ final cauſes. From the whole we may learn 
two conſiderable things. And firſt, from what was faid of the air, 
the natural ſtate of a body may, ſometimes, be allow'd to be not 
that which it really has a tendency to attain, but that whereto it is 
brought, and wherein it is kept by the action or reſiſtance of neigh- 
bouring bodies, or by ſuch a concourle of agents and cauſes as will 
not ſulfer it to paſs into another ftate. And ſecondly, we may hence 
learn, that, whatever be ſaid of natures never miſſing her aim, and 
that nothing violent is durable; yet, bating an inconſiderable porti- 
on of aerial particles at the upper ſurface; for ought we know, the 
whole maſs of the air we live in, and which ſurrounds the terra- 
queous globe, has been from the beginning, and will to the end of the 
world, be kept in a ſtate of violent compreſſion.. 
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UNREGARDED MOTIONS: 


1 ro ſuperficially ſoever the local motion of bodies is treated 


of by the 


ſchools, who aſcribe almoſt all ſtrange things to ſub- 
ſtantial forms; we, who endeavour to reſolve the phenomena 


of nature into matter, and motion, guided according to ſettled laws, 


muſt duly obſerve its operations. And tho mathematicians and phi- 


and fome parts 


loſophers have, of late, applied themſelves to conſider the nature and 
laws of motion, 3 the ſubje& can never be too much cultivated, 
0 


it have ſcarce hitherto been touch'd upon. * 2 
ut, 


4 


The laws of motion, and colliſion, 
both in elaſtic and unelaſtic bodies, in 


all kinds of mediums, and in all poſſible 
- Caſes, are demonſtrated by the geometri- 
- Cians of the laſt and the preſent age; as 


1 by Dr. Wallis, Sir Chr. Wren, 
. Huygens, M. Varignon, the Bernoulli; s, Dr. 


- Keil, and above all, by the great Sir Iſaac 


Newton, whoſe three axioms, or grand laws 
of motion, for their extreme uſefulneſs in 
philoſophy, we ſhall here ſet down, as they 


are deliver'd by the incomparable author 


himſelf. 

1. © All bodies will for ever remain in 
their ſtate either of reſt, or uniform 
* reQilinear motion, unleſs compell'd to 
” change either ſtate by ſome force im- 

"9 preſs d upon them. 
ProjeCQils continue in their motions, 


* © bating for the reſiſtance of the air, and 
-<* the force of gravity, whereby they are 


©" were before moving the ſame way 


% impell'd downwards. A top,whoſe parts, 
2 their coheſion, by reaſon bY conſtantly 
* turning from a re&linear motion, wou'd 
05 — till it is ſtop'd by the reſiſtance of 
* the air; but the vaſt bodies of the pla- 
* nets and comets longer pre ſe ve their 
* progreſſive circular motions, in ſpaces 
* where they find leſs reſiſtance. 

2. © Every change of motion muſt be 
* proportional to the moving force im- 
* preſs'd; and happen in the ſame ſtrait 
* line wherein that force is directed. 

If a certain force produces a certain 
* motion; twice that force will produce 
* double that motion; and thrice that 
© force «treble that motion; whether it 
be impreſs'd all at once, or by ſucceſ- 
*2five degrees. And this 1 on, having 
* always the ſame direction with the 
<<, power that cauſes it, muſt, if the body 
there- 


* with, 
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But, before I enter upon particulars, I muſt premiſe in general, that Puxsics. 
we are not to look upon the bodies, wherewith we are concern d, II/ 


as ſo many lumps of matter, which differ only in bulk and ſhape, 
or that act upon one another merely by their own diſtinct and par- 
ticular powers; but as having peculiar and different internal textures, 
as well as external figures; on account of which, many of them muſt 
be conſidered as engines, ſo framed, and placed among other bodies, 
that ſometimes agents, of themſelves invalid, may have notable ope- 
rations upon them; becauſe a great part of the effect is due to the 
action of one part of the body it ſelf upon another. -+ And there 
are, perhaps, more accounts, than we have yet thought of, upon 
which local motion may perform conſiderable things; and therefore 
would not be underſtood to exclude the reſt, tho? I ſhou'd here- 
after take notice but of a few of theſe accounts. Now amongſt the 
ſeveral things, upon account whereof we uſually overlook, or under- 


* with, be added to the motion of that 
body; if a contrary way, be ſubſtracted 
* from it; if imprefy'd obliquely, it muſt 


| © but of the motions of the bodies con- 
* cern'd ; I mean, if thoſe bodies are not 
** otherwiſe hinder'd. For the changes-of 


* be added obliquely ; and ſo be com- 


„ pounded with it, according to the di- 


« re&ion of both motions. 

3. Re-aftion is ever contrary to and 
* equal with action; or in other words, 
* the actions of two bodies upon one ano. 
ther are always equal, but in contrary 
directions. 

Whatever preſſes or draws a body, is 
* it ſelf equally preſſed or drawn by that 
„body. Upon preſſing a ſtone with the 
A finger, the finger is preſs d by the ſtone. 
When a horſe draws a ſtone by means 
* of a cord faſten'd thereto ; the horſe, if 
* I may uſe the expreſſion, is equally 
* drawn back to the ſtone ; for the cord 
being equally ftretch'd, both ways, 
© will by the ſame endeavour to relax it 
* ſelf, force as well the horſe towards the 

ſtone, as the ſtone towards the horſe z 
and hinder the one from advancing for- 
* wards, as much as it retards the other. 
* If one body ſtrikes againſt another, and 
* by its force changes, in any manner, 
the motion of that other, the firſt body 
2 will, likewiſe, ſuffer the ſame change 
a of motion, but in a direction contrary 
to the force of the latter; becauſe the 
«, preſſure in this caſe is mutual. Now 

in ſuch actions as theſe, there happens 


San equal change, not of the velocities, 


* velocities, which; in like manner, hap- 

i pen in contrary directions, muſt, ſince 

* the motions are equally changed, be 

* reciprocally proportional to the bodies. 

8 And, this law holds good in attracti- 
on. 

Many excellent corollaries flow from 
theſe laws. As a ſpecimen, take the fel - 
lowing, which is demonſtrated from them 
by the author himſelf, and made great 
uſe of in his philoſophy. _ 

pe — moving with a compound 
* force, will deſcribe the diagonal of a 

parallelogram, in the ſame time that ir 
* wou'd the ſides thereof, if that force 
« were divided.” From hence the effects 
of all the mechanical powers are eaſily 
demonſtrated ; hence all compound moti- 
ons are reſolvable into ſimple ones; and 
hence Sir Iſase has proved, that the planets 
move in fix'd plains, and deſcribe areas 
about the ſun, proportional to the times. 
See Newton. Princip. p. 12, 13, 34, 375. 

T M. Homberg tells us, that the ſimple” 
motion of a mil! turn'd a bottle of wine, - 
which was fix'd to it, into excellent vine- 

ar, in three days time; and that, by the 

ame means, he had from a pound of 
uick-ſilver, in three months time, four or 
ve ounces of a blackiſh powder, Hip. de 


F Acad, A. 1700. 5p. 14. 
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pursics. value the efficacy of local motions, the chief are referable to the fol- 
lowing obſervations. 


The great fi- 


1. We are ſeldom aware of the great efficacy of celerity, in ſmall bodies, 


coc) of celerity. and eſpecially if they move but thro” a ſmall ſpace. * W hat rapid motion 


can do, may be judged by the powerful effects of bullets, ſhot out of 
our common canons, in compariſon of the vaſt and unwieldy batter. - 
ing-rams of the ancients. Other examples of a hke nature might fl 
alledged ; but the latter part of the propoſition 15 what I am moſt 
concern'd to prove. | Int 

Having ſometimes cauſed an oblong piece of iron or ſteel, to be 
turned, and placing my naked hand, at a convenient diſtance, to re- 
ceive the little fragments, as they flew off from the rod; they were 
ſo intenſely heated, by the quick action of the tool upon them, that 
they ſeemed almoſt like ſo many ſparks of fire. And an expert wor k- 
man in braſs aſſured me, that the heat in the little fragments 
thrown off, when he turn'd that metal, was ſometimes very 
offenſive to his eyes; and that, when he employed a rough tool, 
which took off greater chips, he had found the heat ſo vehement, 
as not only to ſcorch his eye-lids, but the hard skin of his hands ; 
for proof whereof, he ſhewed me a little bliſter, which had been fo 
raiſed. And I learn'd from a famous artiſt, employed about the finiſh- 
ing of caſt ordnance, that when with a ſtrong, peculiar engine, he 
and his aſſociates turned great guns, to bring the ſurface to a ſmooth- 
neſs, the tools would ſometimes throw off bits of metal, ſo heated, 
as to burn the fingers of thoſe who ventured to touch them. An 
experienced artificer, alſo, aſſured me, that in turning braſs, the little 
fragments acquire an intenſer heat, than thoſe of iron. And cauſing an 
artificer very briskly to turn a piece of ordinary wood, whilſt I held 
my hand not far from it, the chips which ' flew off, ftruck it in ma- 
ny places, with that briskneſs, that *twas with pain I endured the 
heat, they produced. It is farther confiderable to our preſent pur- 
poſe, that by an almoſt momentary percuſſion, with no great force, 
the parts even of a vegetable, may not only be intenſely heated, 
but brought to actual fire; as we have tried by ſtriking a good cane 
with a ſteel, or the back of a knife; for upon this colliſion, it 
would yield ſparks, like a flint. So, likewiſe, by ſcraping good loaf- 
ſugar with a knife, numerous ſparks will be produced; but upon the 
colliſion of a flint and ſteel, not only fire, but even, vitrification, 
which the chymiſts eſteem to the ultimate action of fire, is in- 
ſtantaneouſly produced; for the ſparks which here fly olf, are uſually 
real and permanent parcels of ſtone, vitrified by the vehemence of the 
motion. And that this vitrification may be of the ſtone it ſelf, tho 


_ * *Tis an axiom, or acknowledged law | with the leaſt aſſignable velocity, upon 
of motion, that any body, how ſmall ſoe-| it; for, as we juſt now ſaw, action and re- 
ver, will move the largeſt, by impinging action are equal. 


ſteel 
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Keel is a metal of a far more fuſible nature, I am induced to think, Pursics. 
becauſe flints will, by colliſion, ſtrike fire with one another: the like 


alſo may be done with rock-cryftal, and even with diamonds, on 
the mill whereby they are cut; tho' fire is not allowed to fuſe 
them, | 

Nor are fluid bodies, tho* but of ſmall dimenſions, to be excluded 
from the power of making conſiderable impreſſions on ſolids; if their 
celerity be great. Whether the ſun-beams conſiſt of very minute cor- 
puſcles, which continually iſſuing out of the ſun's body, ſwiftly impel 
one another forwards in ftrait lines; or whether thoſe beams are made 
by the brisk action of the luminary upon the continguous fluid, and pro- 
pagated every way in ſtrait lines, throꝰ ſome ethereal matter harboured 
in the pores of the air; it will be agreeable to either hypotheſis, 
that being refracted or reflected, by a burning-glaſs, to a focus, they 
by their concourſe, compoſe a ſmall portion of fluid matter, 1o vio- 
lently agitated, as to kindle green wood in leſs than a minute, and 
bn, melt not only tin and lead, thinly beaten, but leaf-filver and 
old. 

: The operation of ſmall portions of fluid matter on ſolid bo- 
dies will be exemplified hereafter; I ſhall here only, in general, 
point at the great and ſurprizing effects of lightning. The laſt in- 
ſtance of its power within my acquaintance was, the melting of a me- 
tal by the flame, in its paſſage, which probably laſted but the twink- 
ling of an eye. And that even a ſmall parcel of air may communicate 
a conſiderable motion to a ſolid body, is confirmed by the violent 
force of a bullet ſhot out of a good wind-gun; which I found by 
trial, would be flatted, almoſt into the figure of an hemiſphere, by 
being thus thrown againſt a metalline plate. And. farther, to 
thew what a vehement agitation may be communicated to the parts 
of a ſolid body, by celerity; going to take up this bullet, 1 found it 
.too hot to be, without pain, held betwixt my fingers. 


2. We are too apt to think that fluid bodies, becauſe of their ſoftneſs, The fete of 
cannot, by their bare motion, eſpecially if inſenſible, have any ſenſible Fell Paies upon ſt- 


| upon ſolids ;, though the fluid moves and acts as an entire body. It is not 
my deſign here to infiſt on the efficacy of fuch fluids, as may 
have their motions diſcovered by the eye, as flowing water; or per- 
ceived by the touch, as winds ; but of ſuch only, as we do not im- 
mediately ſce or feel. | 


M. Fillerte lately exhibited a burning | 40%, and as M. 7ilette ſaid, wou'd calcine 
concave forty-ſeven inches wide, and | asbeſtos. It melted a ſix-pence in 4+ 
ground to a ſphere of ſuch a radius, and a half-peny in 16”. It turn'd an eme. 
that its focus was about thirty-eight ,,1q into a ſubſtance like a turquoiſe. 
inches from the vertex of the glaſs. Ihe fone; and diminiſh'd a diamond, that 
metal of it was a mixture of copper, weigh'd four grains, 2 of its weight, See 
tin and tin-glaſs. This concave melted Phileſ. Tranſ. No. 360. p. 976. - 
iron- ore in 24”, began to calcine talc in "rot eee 
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It has been frequently obſerved, that, upon the diſcharge of ord- 


LAY nance, not only the ſound may be diſtinctly heard at a great diſtance ; 


but that the tremulous motion of the air, which produces ſound, has 
been able to ſhake, and ſometimes to break glaſs-windows afar off; 
eſpecially, when they ſtand in the way, wherein the propagation of 
the ſound is directly made. And tho', in ſome inſtances, it may be 
urged, that ſuch effects are produced from the motion of the earth, 
immediately ſhook in the exploſion ; yet I ſee no neceſſity here, of 
having recourle to any thing, but the undulating motion of the 
air; ſince the like may be produced by motion continued thro” fluids. 
Borelli, diſcourſing of the force of percuſſion, has this remarkable paſſage. 
« I was,” ſays he, © at Tauromenium in Sicily, when the mountain eAtna 

« broke out near Enna, a town diftant about thirty miles from Tau- 
ec amenium; Whilſt the chaſm ſent out, now and then, with great 
cc noiſe, fire and flame; all the houſes were ſenſibly ſhaken: and it 
« was obſerved, that ſuch as looked directly towards the chaim, 
& were moſt agitated ; thoſe looking otherwiſe, ſhaking more flowly, 
Upon which fact, he thus argues. Had this trembling been occa- 
« fioned by the ſhaking of the ground of Tauromenium, all the houſes 
4 would have been equally ſhaken ; ſince this inequality of motion 
4 could not be aſcribed to their different ſituation. Hence, then, we 
4 muſt needs conclude, that the agitation was produced, by the im- 
* preſſion of the air upon the walls of the houſes; which demon- 
< ſtrates the great efficacy of a ſound, tho? at thirty miles diſtance.” 
I was once invited by an engineer, to ſee trial made of an initru- 
ment, which he had contrived ſuddenly to fink a ſhip; but in the experi- 
ment, which was ſucceſsfully made upon an old frigat, the exploſion 
was ſo great, that it raiſed a kind of ſtorm in the water round 
about, and ſhook ſome veſſels, that lay at a diſtance, ſo as to make 
thoſe who ſtood upon the decks to ftagger. And in the late ſea- 
fight between the Engliſh and Dutch, tho* the engagement happen'd 
very many leagues from the Hague; yet the report of the guns not 
2 reached to that place, but had ſo conſiderable an effect there, as to 
e the very windows. And if there be a greater diſpoſition in ſome 


other bodies, than there is in glaſs-windows, to receive impulſes from 


the air, they may be ſenſibly wrought upon by the noiſe of a ſingle picce 
of ordnance ; as appears by a remarkable circumſtance mentioned by S- 
mon Pauli, in his treatiſe of malignant fevers. He ſays, that a Frenchman 
Having his arm mortified, they were obliged to take it off; after 
which operation he lived eight days, very ſtrongly convulſed; that 
ſtanding with others by his bed-fide, once when the great guns, where- 
of they took no notice, were fired from the king's ſhips; as every 
one went off, he clap'd his left-hand to his ſtump, and lamentably 
eomplain'd. of pain there; ſo inſufferable was each fingle exploſion to 
him ;. tho? the were at à great diſtance, and fired not upon or near 
the land, but from the: ſea. And the commander of a man 3 
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fared me, that ſome men on board him, whoſe bones were broken, Prvsics: 
would ſadly complain of the torment they ſuffered by the ſhake of 
the enemies cannon ; tho* they were too much accuſtomed to the 
report of great guns, to be offended by the bare noiſe. But if 
any one ſhou'd here tuggeſt, that the water hath a ſhare in this 
communication; yet there is one kind of ſound, that muſt be con- 
feſſed to be propagated by the air, as being made in it; and that 
is thunder, whole noiſe ſometimes ſo vehemently affects it, tho? with- 
out producing any ſenſible wind, that I have obſerved it to ſhake large 
ſtrong-built houſes, notwithſtanding the diſtance of the clouds, where 
the ſounds were firſt produced. Some ſea-captains too, who had ſailed to * 
the Indies, told me, they have had their ſhips ſo ſhocked with the thun- } 
der, as to diſplace their great guns. And as the celerity, where- 
with ſounds are propagated thro' the air, is exceeding great, this 
eſſect is the leſs ſurprizing. Merſennus oblerves, that a bullet, ſhot 
out of a cannon, moves two hundred and forty yards in a ſecond , 
but I have more than once found, that ſounds paſs above four hun- 
dred yards in the ſame time, in England: tho” according to Merſennus, 
a ſound moves, in that time, many yards more in France ; which may 
poſſibly proceed from the different conſiſtence of the air in thoſe two 
laces. * 
x The great loudneſs of theſe ſounds, and the vehement percuſſion 
the air receives in their formation, may make it probable, that it 
was only the impetuoſity of the motion of the medium, which gave 
the ſhake ro the windows and other ſolid bodies, made to tremble 
by the report of cannon or thunder ; whilſt, perhaps, ſome of thoſe 
tremulous motions of ſolid bodies, might either depend upon, or be pro- 
moted by, the peculiar diſpoſition, that glaſs, and other bodies, en- 
dowed with elaſticity, may have to be moved by certain appropri- 
ate ſounds, more than they would be by others that were louder. 
If this be admitted, it will not render our inſtances improper to the 
preſent deſign ; but only make ſome of them fit to be referred to 
another head. I ſhall, therefore, conclude this, with an odd obſerva- 
tion of Platerus, which argues, that where there is a peculiar diſpo- 
ſition, even in a firm body, it may receive conſiderable impreſſions 
from ſo languid a motion of the air, as is not ſenſible to other bo- 
dies of the ſame kind. 
| ce A woman,” ſays he, © taken ill of a ſuddain, continually complam'd, 
| © that ſhe ſhou'd be ſuffocated, tho' no ſigns of it appeared. This 
ce complaint of hers was always the greateſt, when any of the by- 
© ſtanders approached her, though ever ſo gently ; for ſhe ſaid, that 


*The reverend Mr. Derham, from a | them, 'tis poſſible they may reach 12003 
ö variety of accurate experiments, concludes | or if it be directly contrary, only 1120 
that ſounds, at a medium, move 1142 feet | feet in that time, See Philoſ. Tranſ. No. 
in a ſecond ; but that if the wind favours | 113. p. 2. : 
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pursics. © ſhe at thoſe times felt a breath of air come upon her, as if ſho 
ec were inſtantly going to be choak'd. She hardly remain'd in this 
cc con dition for two days, and then dyed.” Our author adds, ©] have 
ce known other patients complain of the like breath of air, being rea- 
&« dy to ſtrangle them, when any one came nigh them; and always 

er found it a very bad ſign.” 2 p 
„ Den- 3. We undervalue the motions of bodies too ſmall ta be wifible or ſen- 
—— » ip op ſible, notwithſtanding their _— which enable them ta all in —— 5, 
bulk of ſome Moſt men think of the effluvia of bodies, and their motions, as 
bodies made f of finer forts of duſt, blown againſt the ſurfaces of bodies, and 
- 44; fn ſtopped in their progreſs, without penetrating into the internal parts, 
5 And according to this notion, it is no wonder, they ſhould have but 
faint operations upon them. But we ſhall judge otherwiſe, from con- 
ſidering, that theſe corpuſcles are, by their minuteneſs and figure, cn. 
abled to pierce into the innermoſt receiſes of the bodies they invade, 
For tho we ſuppoſe each ſingle particle to be very minute; yet 
ſince we may imagine their numbers exceedingly great, it need not 
ſeem incredible, that they ſhould have a conſiderable operation upon 
others at reſt, or that have a motion too ſlow, to be ſenſible. It we 
turn up an ant-hill, we may ſometimes fee ſuch an heap of eggs, as 
a few of thoſe inſects would not be able to draw after them; but 
if, in ſwarms, each lays hold of her own egg, it is ſurprizing to ſee, 
how quickly the whole heap. will be removed. And in thole caſes, 
wherein the invading fluid does not quite disjoin, and carry off any 
great number of parts; its operation may be illuſtrated by that of 
the wind upon a tree in autumn, whilſt it makes itſelf a multitude 
of winding paſſages; bending ſome of the twigs, breaking off part of the 
fruit, and leaves, and variouſly altering the ſituation of others. And ſup- 
poſe we caſt two lumps, the one of ſugar, the other of amber, into 
a glaſs of water; they will both preſently fall to the- bottom; and, 
tho” perhaps, the amber may be lighter than the ſugar, yet the aque- 
ous particles are far from being able to diſplace the amber, or any 
ſenfible part of it, or to exerciſe any viſible operation upon it; but the 
ſame minute particles of the liquor, being of a figure, which fits 
them, to inſinuate, every way, into. the pores of the ſugar, tho? the 
lump conſiſted of very numerous corpulcles ; yet the multitude of the 
aqueous particles to which they are acceſſible, is ſoon able to dif: 
perſe them all; and 8 them along with. themſelves, preſently 

render the whole lump of ſugar inviſible. 

If, alſo, by a due degree of fire, we abſtract from running mercury 
four or five times its weight of good oil of vitriol, there will re- 
main at the bottom; a dry and brittle ſubſtance exceeding White; and 
if upon this heap of mercurial and faline bodies, we pour a large 
quantity of water, and ſhake. them together, the multitude of little 
white grains, which make up the maſs, will be pervaded, and mani- 
feſtly altered, by the diſperiedi corpuſcles; of the water. But — 
8 
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ſtance in fluids; tho' it will eaſily be granted, that the flame of ſpi- Pursics. 

rit of wine, is but a viſible aggregate of ſuch effluvia, ſwiſtly agi- LW 
tated, as, without any ſenſible heat, would, of themſelves, inviſibly ex- 

hale; yet if we hold the blade of a knife, or a thin plate 0#*copper, in 

the flame, we ſhall quickly diſcern, by the great heat acquired, what a 

number of corpuſcles muſt have been agitated by the fiery particles; 

if we ſuppoſe, what is highly probable, that they materially pene-- 

trated into the innermoſt parts of the metal. But, whether we tup- 

poſe this or no, it will appear, that ſo yielding a body, as the flame 

of ſpirit of wine, is able ſoon to att very poweriully upon the hardeſt | 
metals. The like power may be farther eſtimated by the motions of ani- 

mals; for tho' the animal ſpirits are minute enough to paſs thro? nerves, 4 
whoſe channels cannot be diſcerned; yet they ſerve to move, in vari- 1 
ous manners, the limbs and unweildy bodies of the largeſt creatures. 
We might add, that in moiſt weather, the aqueous particles, ſwim- 
ming in the air, will enter, in ſuch great numbers, into the pores of 
a thick rope, as to make it contract, tho' ſuſpended with a great 
weight, tied at the end, to hinder it. 

But as to the determination of the motion of fiuids, I obſerve, 
that, tho* the wind, blown out at a ſmall bent tube of glaſs, call'd. 
a blow-pipe, ſeems not to have any great celerity, in compariſon of 
the parts of flame; and is it ſelf of little force; yet when the flame 

of a lamp or candle is directed by it, ſo as to beat upon a body, at. 
a convenient diſtance, it may be made to melt ſilver, or even cop- 
per itſelf; which yet may be kept, for many hours, unmelted, in a 

red-hot crucible, or the flame of the lamp or candle, unaſſiſted by 

the blaſt. And if we can ſo contrive it, that a flame does not only 

touch the ſurface, but intermingle with the ſmaller parts of a body, 
it will then have a far more powerful operation. For tho' a pound 
or two of tartar may require ſome hours to calcine it to whitenels, 
if the flame have immediate acceſs, only to the outward parts; yet 

it will be calcined in a very {mall part of that time, it, mixing with 
its groſs powder, an equal weight of good falt-petre, the mixture be 

fired, and kept ſtirring, that the parts of the kindled nitre, may have 

acceſs, at once, to very many parts of the tartar.. And by a little ar- 

tifice, nitre it ſelf may, without tartar, be ſpeedily reduced to a calx, 

not unlike the former. The load-ſtone is acknowledged to act by the 

emiſſion of inſenſible particles. For, tho' iron and ſteel be ſolid bo- 

dies, and magnetic efluvia corpulcles ſo very minute, as readily to get 
in at the pores. even of glaſs itſelf; yet, entring che ſteel in ſwarms, 
they may operate fo violently on it, as to attract above fifty times 
the weight of the magnet. For to theſe I rather aſcribe magnetical 
attraction and ſuſpenſion, than to the preſſure of the ambient air; 
becauſe I have found on trial, that ſuch a preſſure 1s not abſolutely 
neceſſary, to magnetical operations. And farther, as to the power of 
magnetical effluvia upon iron, I took filings of iron. freſh made, ak 
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Pursics. the virtue might not be diminiſhed by ruſt, and having laid them 
in a little heap upon paper held level, I applied to the lower ſide 


| ble nature of 


of it, juſt beneath the heap, the pole of a vigorous load-ſtone, whoſe 
emiſſions diffuſing themlelves thro the metal, manifeſtly alter'd their 
appearance, and produced many erett aggregates of filings, placed one 
above another, like little needles: and as theſe needles ſtood erected 
upon the flat paper, ſo they would run to and fro, according as the 
 load-ſtene, which was held underneath, moved one way or the other; 
and as ſoon as that was taken away, all this little ſtand of pikes 
would {all again into a confuſed heap. 

There are two principal ways of explaining the change of water 
into ice, either of which affords a notable inſtance to the preſent pur- 
poſe. For the particles of water, and much more the corpulcles of 
cold, are confeſſed to be ſingly too imall to be viſible; and cheir mo- 
tions are not ſaid to be ſwitt, but rather judged flow; yet theſe, by 
their number, produce ſo forcible a motion in glaciation, as to break 
bottles of was, earth, or metal: and the expanſive endeavour of 
freezing water, is not only able to do this, but to perform ſo 
much greater things, that my trials have made me ſometimes doubt, 
whether any thing in nature, except kindled gun-powder, moves, bulk 
for bulk, more forcibly, tho' the motion ſeems to be very flow. 

4. We are not ſufficiently aware of the propagable nature of local motion, 
thro different mediums and ſolid bodies. There are four principal occa- 
ſions, on which, I have obſerved, men uſually think the communica- 
tion of motion much more difficult, than indeed it is. 

There are many, who, obſerving how ſome bodies, which hit againſt 
ſuch others as are hard, uſually rebound, eaſily perſuade themſelves, 
that motion can ſcarce be tranſmitted thro* them: but tho* in many 
caſes, the progreſſive motion be either inconſiderable, or not ſenſible, 
yet the impulſe may make a conſiderable impreſſion, and be commu- 
nicated to a great ſhare of the particles of that matter, whereof the 
ſolid conſiſts; as we ſee in ſtriking a timber tree at one end, the mo- 
tion may become ſenſible at the other. And tho” bell-metal be a 
very hard body, yet its ſolidity hinders it not from being ſenſibly 
affected by a weak motion; as may be made appear, by gently paſ- 
ſing a pin along a part of the edge of a bell, which communicates 
to the whole a vibrating motion, and cauſes ſound, as will be audi- 
ble for ſome time: ſuch a ſtroke alſo upon it with the like ſmall in- 
ſtrument, will have the ſame effect. Now, if ſound conſiſts in the undu- 
lating motion of the air, and fo, in our caſe, requires a vibrating mo- 
tion in the ſonorous body to impart it, we muſt grant a wonderful 
- propagation of it in ſolid bodies themſelves ; ſince the point of a pin 
gently ſtriking a part of a very ſolid metal, no bigger than it ſelf, 
couꝰd thereby produce a ſenfible motion, and that ſeveral times cir- 
- culated, to millions of parts equal to it in bulk, and much exceeding 
it in hardneſs. And t ſhews, that even ſoft and yielding bodies, 
faintly 
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faintly moved, have a power of putting ſuch hard ones into mo- Pursics. 
tion, I found almoſt the like effects by paſſing the pulp of my fin- (Lgmayv | 


ger, a little way, along the lower part of a bell. As to the propa- 
gation of motion in ſolid bodies by heat, it greatly depends upon the 
particular textures of the bodies. For heating a piece of glais, or a 
fre- ſtone, 1 could, without any inconvenience, hold my naked hand 
upon parts very near thoſe that were fired: but if one end of à 
rod of iron be made red-hot, the heat of that end will be ſo pro- 
pagated towards the other, as to offend the hand at ſeveral times 
the diſtance. 

'Tis obſervable in many buildings, that a ftamp of the foot, or 
bare treading in one room, will have a ſenſible effect in moſt of the 
others: and it often happens, that by the haſty ſhutting of a door, 
the whole houſe is made to tremble; whence we may argue, that, 
even amongſt ſolid bodies, motion made in one place may be rea- 
dily propagated to many others. And if the ſudden impulſe, and 
compreſſion of the air, made by a door, ſuppoſed to be haſtily ſhut, 
hath any conſiderable ſhare in the effect, this phenomenon will ſerve 
to ſhew the efficacy, even of ſuch a motion of a fluid body, as we can- 
not directly feel, —_ ſeveral large ones, that are firmly connected. 
In earth-quakes, which are ſuppoſed to proceed from the. exploſion - 
of ſubterraneous exhalations, the tremulous motion ſometimes extends 
very far beyond the places, where the exploſions were made. And, 
tho” Seneca confines the extent of earth-quakes to two hundred miles, yet 
later obſervations ſhew them to reach much farther. Joſephus Acoſta 
affirms, that in the kingdom of Peru, in the year 1586, an earth-quake 
ſpread along the ſhore of the pacific ſea 160 leagues; and adds, that 
ſometimes it has in thoſe parts run on from ſouth to north 300 
leagues. And in the year 1601, eminent writers relate a much larger 
earth- quake to have happened, reaching from Aſia, to the French coaſt ; 
and, befides ſome Aſiatic regions, it ſhook Hungary, Germany, Italy, and 
France, that is, a great part of Europe. And if it be true, that it laſted 
not much above a quarter of an hour, *tis the more likely, that 
this earth-quake ſhook great tracts of land beyond thoſe places, to 
which the fired matter, paſſing from one cavity to another, could 
reach in ſo ſhort a time; for in trains of gun-powder, the fire does 
not run on near ſo ſwiftly as one would imagine. I my ſelf, alſo, 
have ſeen and felt the effects of a ſmall, harmleſs earth-quake, near 
Oxford, which extended many miles in length. NY 

But it appears to how great an extent a motion, excited in a very 
narrow compaſs, may be propagated thro* different mediums, by the 
relation of Famianus Strada, who giving an account of a work, con- 
trived to keep the city of Antwerp from being reliev'd in a fiege, by 
the river Scheldr, tells us the effects of a floating mine, contrived to 
deftroy it, in theſe words. © On a ſudden, the fatal ſhip+burft, with 
4 ſuch. an horrid craſh, as if the very sky had rent aſunder, — 


The Effeits of lan guid Motion conſider d. 


pursics. © and earth had charged one another, and the whole machine of the 
globe had trembled. For the ſtorm of ſtones, chains and bullets, 


ce being caſt out with thunder and lightning, there followed ſuch a 
< laughter, as no man could have conceiv'd. The caſtle cn which 
cc the infernal ſhip fell, the pile work of the bridge to St. Mary's 
ce fort, that part of the naval bridge next the caſtle, ſoldiers, ma- 
cc rjners, commanders, canons, armour, and arms, all ſwept away by 
cc this furious whirl-wind, toſſed into the air, and diſperſed as wind 
te ſcatters the leaves of trees. The Scheldt, prodigioully gaping, was 
cc firſt ſeen to diſcover its bottom, then ſwelling over its banks, roſe 
cc above the ramparts; and huge ſtones, thrown out to above a miles 
cc diſtance, were there found ſtruck deep into the ground: the mo- 
ce tion ot the panting carth extending its force above nine miles.“ 
Which if he means the miles of that country, or Dutch leagues, are 
36 Engliſh miles. 

But even the motion of a coach or a cart, will, at a conſiderable di- 
Nance, make the buildings conſiderably ſhake : *tis, therefore, the leſs 
ſurprizing, that in a calm night, the march of a troop of horſe may 
be felt, by attentive ſcouts, at a great diſtance, by the ſhake of the 
ground; tho” perhaps the impulſe of the air, conveyed along the re- 
4lifting ſurface of the earth, may principally contribute to the effett. 

And let it be here oblerved, that in peculiarly diſpoſed bodies, 
and eſpecially, in organical ones, a very languid motion may have a 
far greater effect, than it could produce by a bare propagation. of it 
ſelf. For it may ſo determine the motion of the ſpirits in the body 
it works upon, as to make multitudes of them act, as if they con- 
ſpired to perform the ſame motions: as when a tickliſh perſon, by 
having the pulp of one's finger paſſed gently along the 1ole of his 
foot, or the palm of his hand, has various mulcles, and other parts 
of his body and face put into preter-natural or unuſual motions. And 
moſt men, by being lightly tickled with the end of a feather, or a 
ſtraw, within their noſtrils, have their heads and my parts of their 
bodies put into that violent commotion, wherein ſneezing conſiſts. 
And I remember, that having been, by a diſtemper, for ſome time 
deprived of the uſe of my hands; it more than once happened to 
me, that ſitting alone in a coach, if the wind chanced to blow a 
ſingle hair upon my face, the tickling it produced was ſo uneaſy, as 
to make me apprehend falling into convulſions, or a ſwoon, before ! 
cou'd get it removed by my ſervant. 

There are others who cannot believe, that local motion, eſpecially 
if it be languid, ſhou'd be propagated thro? differing mediums, cach of 
which, except that wherein the motion is begun, muſt, they think, 
either repel, or check and deaden it. To theſe 1 recommend the ex- 
periment of a watch heard to ſtrike, when incloſed in an exhauſted 
receiver. 'I have alſo perceived my own to ſtrike in my pocket, 
and felt the motion of the balance at the ſame time, But that mo- 
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tion may be propagated thro* different mediums, ſeems the more pro- Pars1cs. 
bable, by the ſhakings, often felt on beds, ſtanding in rooms cloſe CL5'\0STJ 
ſlut, when loud claps of thunder are produced in the clouds. 
Agricola tells us, © that if an animal be thrown into a cave at Vi. 
« burg in Carelia, a country of Scandia, tis ſaid, an intolerable ſound 
« breaks out from it, with a guſt of wind; and that if any ſmall 
« weight be caſt into a cave there is in Dalmatia, tho', according to 
c Pliny, it be done on a calm day, yet a ftorm, like a whirlwind, is 
« jmmediately raiſed thereby.” 
As ſome are unwilling to allow that motion can be conſiderably propa- 
gated thro* ſolid bodies; ſo, on the contrary, there are others, indiſ- 
ſed to think, that it is near ſo propagable, as indeed it is, thro 
fluid bodies; becauſe they preſume, that the parts of fluids ea- 
fily giving way, will deaden the impulſe received by ſuch of them, 
as are firſt ated upon by the impelling body. And, there is yet ano- 
ther ſort of men, who cannot believe, that it ſhould be, thro' ſuch 
a medium, propagated to any conſiderable diftance. But if luminous 
bodies act on our eyes, not by a ſubſtantial diffuſion of extremely 
minute particles, as the Atomiſts would have it, but by a propagated 
impulſe of ſome ſubtile matter, continguous to the ſhining body, as 
the Carteſians maintain; it will be manifeſt, that a body exceeding 
ſmall may give a brisk motion to a portion of fluid matter, many 
millions of times bigger than it ſelf; ſince in a dark night, a ſingle 
ſpark of fire may be ſeen in different places, whoſe diſtance from it 
many thouſand times exceeds the diameter of the ſpark : not to men- 
tion the great diſtance, at which the flame of a ſmall taper may not 
only be ſeen, but appear larger, than near at hand. And if we com- 
pare the diameter of the planet Venus, which yet ſhines but with re- 
fleted light, with her diſtance from the earth, we may eaſily con- 
clude, that the fixed ſtars, probably ſo many ſuns, which ſhine by 
their own native light, muſt impel a ſtupendous proportion of ethe- 
rial matter, to be able, at that immenſe diſtance, to make ſuch vivid 
impreſſions, as they do, upon our eyes. And tho' fluid bodies do eafily 
yield to ſolids, and thereby quickly deaden the motion of them; yet 
the motion being loſt, only in regard of the ſolid body, is not loſt, 
but tranſmitted, and diffuſed in reſpect of the fluid. Thus when a log 
of wood, or any ſuch body, ſpecifically lighter than water, is let fall 
into the middle of a pond, tho” its progreſs downwards be checked, 
and it is brought to reſt quietly on the ſurface of the water; yet 
its motion is not loſt, but communicated to the parts of the water, 
againſt which it firſt ſtrikes, and by thoſe to others, till at length 
the waves, produced on the ſurface, ſpread themſelves to the brinks, 
and would, perhaps, be farther expanded, if theſe did not hinder 
their progreſs. Whence we may learn, that, tho? the nature of fluid 
bodies requires, that their parts be actually diſtinct, and ſeparately 
moved; yet the particular corpuſcles, which compoſe them, being 
Vo I. I. 24 4 touched 
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Pursics. touched by ſeveral others; the new motion, produced in ſome of 
them, by an impelling ſolid, muſt needs make them impel the conti- 


guous corpulcles, and theſe, ſuch as lye next to them; and ſo the im- 
pulſe may be propagated to a vaſt diſtance : ſince, in a fluid body, 
the corpuſcles yield more eaſily to the impelling power; and being 
here almoſt balanced by others of the ſame fluid, a very ſmall force 
may ſuffice to impel them. Thus, tho' the braſs ſcale of a balance, 
ſeveral inches in diameter, may be ſuppoſed to outweigh many my. 
riads of ſuch particles as compoſe water, wine, &c. yet, ſuch a ſcale 
being duly counter-poiſed with another, I have eaſily put it into va. 
rious motions, only with the inviſible effluvia of a ſmall piece of amber. 
And if we conſider the inſtance of the concentric circles, made by 
the falling of a ſtone into ſtagnant water, we ſhall be the more ca- 
fily perſuaded, that even in an heavy fluid, a motion may reach much 
farther, than men are uſually aware of, beyond the parts on which 
it was firſt impreſſed. An experienced navigator, who much fre- 
quents the coaſt of Greenland, and other northern regions, to fiſh for 
whales, aſſured me, he had not only often heard the ice, in break- 
ing, make a more terrible noiſe, than the loudeſt claps of thunder 
with us; but that, ſometimes, when the ſea-water had undermined the 
foundation of mountainous pieces thereof, he hath known it ſuddenly 
fall into the. ſea below, with ſuch violence, as to make a ſtorm, at 
a great diſtance off; and that, once, when he lay two leagues from 
the place where a ftupendous maſs of ice fell, it raiſed the waves ſo 
high, as to waſh over the ftern of his ſhip, with great danger to 
ſome of the men; and to fink ſeveral of his ſhallops, that were rid- 
ing near; tho” ſcarce any veſſels in the world were ſo fitted for rough 
ſeas as thoſe. The air, indeed, is a much thinner flaid than water, 
yet becauſe we are apt to think it indiſpoſed to propagate motion 
far off, I muſt obſerve, that we are not to judge of it, by the effect it 
has on our ears, when the ſound is made in diſadvantageous places. 
For one, who hears a violin plaid on in an hung room, will think 
the ſound faint in compariſon of what it would: appear, if the ſame 
inſtrument were touched in an arched roof without hangings ; ſoft 
and yielding bodies being apt to deaden the ſound, which the figure 
and hardneſs of the vaulted chamber would reflect. So, when a man 
fpeaks in the free air, we uſually take no notice of the motion 
of the air, beyond the place we are in; but if the place hap- 
pens to have an echo, tho' at many times that diftance from the 
ſpeaker, we may then eafily take notice, that the motion of the air 
was carried on, and that with vigour, much farther than we ſhould 
otherwiſe have obſerved. And I have often thought, that, even by 
the better ſort of echoing places, we are not informed, to how great 
a ſphere the motion, which the air is put into by ſounds, may ex- 
tend, where its diffuſion and force are neither hindered nor weaken- 
ed by bodies, placed too near, or indiſpoſed to promote its operation. 
Fromundus, who being profeſſor of philoſophy at Lovein, in the year 
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1627, might eaſily know the truth of what he relates, affirms, that Purstes. 
at the famous ſiege of Oftend in Flanders, the thunder of the great SS 


ordnance was heard above thirty Dutch leagues, or one hundred and 
twenty Engliſh miles. And that is yet more ſtrange, which he adds 
concerning the diffuſion of the ſound of a drum, which was perceived at 
ſea, twelve leagues off. To which may be added, concerning echoes, 
the notable relation in Varenius, of an obſervation made by David Fre- 
lichins, who, in the company of two ſtudents, had the curioſity to 
viſit the mountain Carpathus, eſteemed the higheſt of all in Hungary, 
and ſaid to be much more ſteep, and difficult of acceſs, than any of the 
Alps. This Frelichius, having related, with what difficulty he and his 
companions aſcended above that region of the air, where they met 
with clouds, and vehement winds, adds; © At this height I fired a 
« gun, which at firſt gave a report no louder than if I had broke a 
« ſtick; but ſome time after, we heard a long continued murmur, 
« which fill'd all the lower parts of the mountain, valleys, and woods. 
« And deſcending along the ſnow, which had long lain between the 
cc valleys, we again unloaded our gun, which made a more dreadful 
© noiſe than that of the largeſt canon; ſo that I fear d the whole 
« mountain was going to tumble: and this ſound continued for half a 
ee quarter of an hour, till it had enter'd the innermoſt caverns, whence, 
the parts of the air crowding each other, it was beat back; but for 
« want of ſuch cavities at the top of the hill, the ſound was at firſt 
ce inſenſibly reverberated, till coming lower and nearer to the caves 
“ and valleys, it was more forcibly daſh'd againſt them.” 


5. We ſeldom regard what the modification of the inviſible motion of fluids The cents of 
r- motion of fluids 
ticular parts of them, which are to be ſenſibly affected by ſuch mo- 2 


may perform, on the diſpoſed bodies of animals. 
here is a peculiar aptitude required in thoſe animals, or ſome 


tions as we here mean; which would, otherwiſe, be too languid to pro- 
duce any great effect. | 

It ſeems the leſs ſtrange, that continuing ſounds, and durable im- 
pulſes of the air, or other fluids, ſhould have a manifeſt operation on 
ſolid bodies, conſidering the multitude of ſtrokes, which may, in a 
very ſhort time, be given, by the parts of the fluid to the conſiſtent 
body. For tho' each of theſe, apart, would, perhaps, be too languid 
to have any ſenſible effect; yet frequent repetitions, by the ſucceſſive 
parts of the fluid, have a very great power : as may be argued from 
the ſwing given to pendulums by a very languid force; as alſo from 
the tremulous motion, imparted to the metalline fpring of a muſical 
inſtrument, by the correſpondent one given to the air by another 
ſtring. Scaliger tells a pleaſant ſtory of a Gaſcon knight, whom the 
found of a bag-pipe would preſently force to make water: and I know 
a very ingenious gentleman, upon whom the running. of a tap has 
almoſt the like operation. The noiſe of an ungreaſed cart-wheel, the 
ſcraping of a knife, and ſome other ſuch acute ſounds, ſo affect ſeve- 
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purstcs. ral parts of the head, as to ſet the teeth on edge. But theſe effect; 


are much leſs conſiderable, than that producible on an ingenious do- 
meſtic of mine, whole gums will bleed upon the noiſe of tearin 
brown paper. Sir Henry Blunt, in his voyage. to the Levant, tells us, 
that he ſaw in Grand Cairo, a neſt of four-legged ſerpents, two feet 
long, black, and ugly, kept by a Frenchman, who, When he came to 
handle them, would run, and hide themſelves in a hole ; but upon 
the muſic of his. cittern, would all crawl out again, and climb up 
to him, till he gave over. playing, when they ran away again. And 
a perſon of great judgment and integrity told me, that he, with ma- 
ny European merchants, had ſeen, in the Eaſt-Indies, the owner of ſome 
large tame ſerpents, taken by the common people there for a Magi- 
cian, who by muſic could make them dance in ſtrange frightful and 
very erect poſtures; or ſeem to ſleep, and, as it were, melt away with 
pleaſure, by particular parts of a tune. And according to Archer, 
there is a great fiſh, in the Srreights, between Sicily and Italy, much 
affetted with a peculiar kind of tune, whereby mariners allure it to 
follow their veſſels.. I will not affirm, there is any certainty in the 
famous tradition, of the lion's being terrified. at the crowing of a 
cock; for a late French traveller affirming, that rowing along the brink 
of Eupbrates, they were, for many hours in the night, terrified by li- 
ons that attended them, and were not at all afraid of the frequent 
crowing of the cocks, which chanced to be in the paſſage-boat, 1 
might add, that many ſlee ping perſans will be more eaſily awaked, being 
called upon by their own names, than by others, tho uttered with a 
louder voice. I ſhall not inſiſt on that example of the operation of a 


ſound, atforded by the ſtarting of men, or larger animals, upon a ſur- 


prizing noiſe; whereby the whole bulk of the animal is ſuddenly 
raiſed from the ground, which, perhaps, could not be done by the 
bare counter-porſe of ſome hundreds of pounds; becauſe this ſeems 
to depend rather upon the loudneſs or acuteneſs of the ſound, than 
any determinate modification of it. But the moſt eminent inſtance of 
the efficacy. of peculiarly modified ſounds upon diſpoſed bodies, is af- 
forded us by what happens to thoſe who are bit by a Tarantula. 
For, tho” ſuch peſons will calmly hear ſeveral other tunes, yet when 
a. peculiar one comes to be plaid, it will ſet them a dancing with a 
ſurprizing vigour; and this dancing will ſometimes continue for many 
hours, if the muſic ceaſes not. I know. there are ſome, who queſti- 
on the truth. of the things related of theſe Tarantati; and I grant, that 
ſome fiftions may have paſſed under the countenance of ſo ſtrange a 
truth. But, beſides the affirmations - of learned men, I have received 
atteſtations hereof. from an acquaintance, who, at Tarentum it ſelf, 
whence the inſect takes its name, ſaw many bitten perſons in their 
dances; and amongſt the reſt, a phyſician, on whom the tune, that 
fitted, his diſtemper, had. the fame operation, as on the other pati- 
ants. And Epiphanius Ferdinandus, who practiſed phyſic in Apulia, and 
I 
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Calabria, for many years, not only delivers, upon his own perſonal Puxsics. 
obſervation, ſeveral narratives of the effects of muſic upon the Taran- | 
tati, but invites any, who may doubt of the truth of juch narratives, 

to repair to him, at a fit ſeaſon; undertaking to convince them 

by ocular demonſtration. I have, allo, my ſelf ſeen an ingenious per- 

ton, who in Calabria or Apulia, was himſelf bitten by one of theſe veno- 

mous inſects; tho* the hurt was flight. Yet this, together with what 

he had ſeen in others more unhappily bitten, confirm'd what ſober 


d writers affirm of the ſymptoms and cure of that poiſon. A very ho- 
As neſt, and ſober muſician, hath, ſeveral times, affirmed to me, that 
ne he could, at pleaſure, by playing a certain tune, which wou'd not af- 
1 fett others, make a certain perſon weep, againſt her will. I might 
il BF add, that when I have been taking phyſic, or am any thing feveriſh, 
h the repetition oc two veries of Lucan ſeldom fails, as I have tried, of 
„ producing in me a chilnels, almoſt like that, but fainter, which be- 
n WF gins the fit of an ague: tho' I look not on this as a ſtrong proof 
0 of the phyſical efficacy of ſounds; becauſe thoſe two verſes having 
10 been emphatically read, when, ſeveral years ago, I lay ſick of a flow 
a fever, and could not reſt, they made ſo ſtrong an impreſſion on me, 
k BF that whenever I am under a diſcompoſure, like what then. troubled 
- Wn me, thoſe verſes revive, as it were, that indiſpoſition in me. 

it "Tis the leſs ſtrange, that the vibrating motion of the air, which 
produces ſounds, ſhould produce ſuch effects upon diſpoſed organical 
8s bodies ; ſince 2 itſelf may have a notable operation, after the ſame 
29 manner. For the ſun- beams, by beating upon the eyes or faces of ſome, 
a who come ſuddenly out of a ſhady place, preſently make them ſneeze ; 


which is not done without a vehement motion of ſeveral parts of the 

body. And tho' colour be but a modification of light; yet it was 
anciently a practice, to preſent red objects to elephants, to make them 

more fierce. It is a familiar obſervation, that red clothes irritate 
turky-cocks: and Valeſius, a learn'd phyſician, tells us of a perſon, 

who, if he looked upon red objects, would not only have. his eyes 
offended, but was allo thereby ſubject to an effuſion of humours in 

the neighbouring parts. 

6. Ve ſeldom ſuſpect, what efficacy the inviſible motions of fluids may The efficacy of” 

have on inorganical bodies, upon account of ſome determinate agreement, *#regarded | 
or relation betwixt a peculiar texture of the one, and the peculiar modification 1 — 
of the other's motion. To manifeſt this by particular experiments, I ſhall 7,,,gauicet 
begin with that common one, made with two uniſon-ftrings oi a mu- zoales. 
ſical inſtrument z wherein a motion of the one, will ſuffice to produce 

a viſible motion in the other. But that the ſhake of the untouched 

ſtring, may not be ſuſpected to be communicated to it, by the pro- 

pagated motion of the inſtrument; I ſhall add, that a wire may, 

without another ftring, be brought to tremble, by a determinate found, 

made at a diſtance, which produced but ſuch an impulſe of air, as 

could neither be ſeen; or felt by a by-ftander; nor would communt- 

cate. 
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Pursics. cate any ſenſible motion to neighbouring ſtrings. It is true, that, in 
this caſe, the ſtring, in which the trembling was produced, being a 


ſingle, long, ſlender, and ſpringy body, faſtened at both ends to a 
ſtable one; it may ſeem unreaſonable to expect, that any thing like 
ſuch an effect ſhould be produced by the ſame cauſe, in bodies which 
do not appear ſo qualified. But as a certain degree of tenſion, is the 
principal qualification in order to this phenomenon, without which, 
all the others would be unavailable; perhaps in bodies, of a very 
different appearance from ſtrings, the various textures, connexions, and 
complications, that nature, or art, or both, may make of the parts, 
will bring them to a ſtate equivalent to the tenſion of the ſtrings 
of muſical inſtruments; whereby ſeveral of the mentioned parts will 
be ſtretched in the manner requiſite, to receive a vibrating motion 
from ſome peculiar ſounds: and, poſſibly, theſe trembling parts may be 
numerous enough to affect their neighbours, and make in the body 
they belong to, a ſenſible tremulous motion. I found upon trial, that 
if a large, hemiſpherical glaſs were conveniently placed; a determinate 
ſound, made at a convenient diſtance from the concave ſurface of the 
glaſs, would make it ſenſibly ring, as a bell, ſoon after it has 
been ſtruck. But this noiſe was the effect of a determinate ſound ; 
for tho' the voice were raiſed to a higher tone, or if the ſound 
were made louder, the ſame effect would not enſue. And I have been 
aſſured, that one Petterus, a vintner at Amſterdam, could take the 
tone of a rummer-glaſs, and raiſing his voice into that tone, firſt 


make it tremble, and then burſt. I obſerved alſo, that large 


empty drinking-glaſſes of fine white metal, had, each of them, its de- 
terminate tenſion. For cauſing the ſtrings of a muſical inſtrument to 
be variouſly ſcrewed up, let down, and briskly ftruck, we found, that 
the motion of one ſtring, when ſtretched to a certain tone, would 
make one of the glaſſes ring, and not the other; nor would the 
ſound of the ſame ftring, tuned to another note, ſenſibly affect the 
firſt glaſs, tho' perhaps it might have its operation upon another. 
We muſt not omit, that after we had found the tone proper to one 
of the glaſſes, having broken off part of the foot, the ſame ſound of 
the ſtring would no longer be anſwered by the veſſel; but we were 
obliged to alter the tenſion of the ſtring, to produce the former ef- 
fect. A famous organift has aſſured me, that at particular ſtops of 
the organ, ſome ſeats in the church would tremble ; tho' by his re- 
lation, I ſuſpected this to be effected chiefly by the . of the 
ſound : but I have ſeveral times ſince obſerved certain ſounds of an 
excellent organ to make, not only my ſeat in the church to trem- 
ble under me, but to produce an odd motion in the upper part of 
my hat, which I could plainly feel with my hands. And, what in- 
clines me to believe that this effect depends upon the determinate 
tone, rather than upon the loudneſs of the ſound, is, that I have of- 


ten felt ſuch a kind of motion in the upper part of my hat, upon 
ink pronouncing 
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pronouncing ſome words in ordinary diſcourſe. Nor is it only in ſuch Pursics. | 
imall, and yielding bodies, as hats, and ſtrings, that ſounds, not boi 


ſterous, may produce fenſible effects; for if they be adapted to the 
texture of the body, to be work'd upon, they may excite motions 
in it, tho' it be either ſolid, or very bulky. An ancient muſician 
affirmed to me, that playing on a baſs-yiol, in the chamber of one of 
his ſcholars, when he came to ſtrike a certain note upon a particu- 
lar ſtring, he heard an odd kind of jarring noiſe, which he thought, 
at firſt, had been either caſual, or proceeded from ſome fault in the 
ſtring; but having afterwards frequent occaſion to play in the ſame 
room, he plainly found, that the noiſe was made by the tremulous 
motion of the caſement of a window, which would be made to trem- 
ble by a determinate ſound of a particular ftring, and not by other 
notes, either higher or lower. To this inſtance, 1 ſhall add a ſecond, 
that, I confeſs, I was not forward to believe, till trial had convinced 
me of its truth; to which end, I took the muſician, who told me the 
ſtory, with me to the place he mention'd; which was an arch, and 
would not anſwer to all notes indifferently, when we ſtood in a cer- 
tain part, but to a determinate note, which he told me was ce fa 
ut, a little flatted; to which it anſwered very well, and not ſenſibly 
to others: and even when I made him raiſe his voice to an eighth, 
as conſonant as thoſe two ſounds uſually are in all other caſes, the 
vaulted arch did not appear to us affected with it. He informed me 
too, that he had — 7 in moſt arches about the city, and could 
find no ſuch peculiarity in them, as being reſonant to all notes 
and ſounds indifferently, that were ſtrong enough; and farther, that, 
as this arch, for a hundred years, has been obſerved to have this 
property, ſo an ancient and experienced builder informed him, that 
any vault, which was exquiſitely built, would peculiarly anſwer to 
ſome determinate note or other. 


7. e look upon ſeveral bodies, as having their parts in a ſtate of abſo- purſous bodler 
lute reſt, when indeed — are in a forced ſtate, as of tenſion, compreſſion, not at reſt, bus 
| 


&c. This obſervation wi 


„probably, ſeem paradoxical. For when an in- in « fate of 


tire body of a ſolid conſiſtence, and uniform matter, appears to be tenſſon, & c. 


moveleſs, we take it for granted, that its parts alſo are perfectly at 
reſt : yet ſome obvious phenomena will teach us, that its component 
corpuſcles may have various motions, and endeavours among them- 
ſelves. Thus when a bar of iron, having been well hammered, is new- 
ly taken off from the anvil; tho the eye can diſcern no motion in 
it, yet the touch will readily perceive it to be very hot: and the 
brisk agitation of its inſenſible parts will become viſible, by pouring a 
liquor upon it. When the lath of a croſs-bow ſtands bent, tho' nei- 
ther the eye, nor touch, perceive any motion in the ſpringy parts, 
yet if the ſtring be cut, the ſudden motion, tending to reſtore it to 
the figure, it had before, diſcovers an elaſticity, whence we conclude 


it was in a ſtate of compreſſion. And tho' the ſtring of a ber: bow, 
1155 likewiſe, 
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Pursics. kewiſe, appears to be in a ſtate of reſt; yet if you cut it aſunder, 
the extremes will fly from one another forcibly enough to manifeſt, 
| that they were before in a ſtate of tenſion. But becauſe the bow 

and ſtring were brought into a violent ſtate by human force, I ſhall 
add, that there are ſeveral bodies, on which no fuch force appears 
to have acted, tho” they, alſo, are in a ſtate of violent compreſſion or 
extenſion, and under a ftrong endeavour of the parts, which ſeem at 
reſt, to ſhrink or fly out. I have obſerved, that a glaſs, which ſeem- 
ed to have been well nealed, would, ſometimes, crack of its own ac- 
cord; and the glaſs-men relate, that if they take their glaſſes too 
haſtily from the fire, they will be very apt to do ſo. I alſo cauſed 
a flat lump of a particular metalline glaſs, to be made three or four 
"times as thick as an ordinary drinking-glaſs; which was ſo diſpoſed 
to ſhrink upon a ſmall degree of refrigeration, that before it was ſen- 
ſibly cold, it would crack, with ſuch a noiſe and violence, that parts 
-of it, of a conſiderable bulk, flew to a great diſtance from one another, 
Having, to preſerve a particular liquor of moment, incloſed it in a 
ſtrong vial, with an exquiſite glaſs ſtopple, and ſet the veſſel upon 
the edge of a window, in a high and ſecure place, that it might not 
be moved; it continued there for above a year. The liquor was of 
ſuch a nature, that if any one had, tho* but for a moment, taken out 
the ſtopple, I cou'd eaſily have diſcover'd it. At length, as I was one 
day ftudying quietly in my cloſet, at a conſiderable diſtance from the 
place where the vial ſtood, I heard a loud and brisk noiſe, almoſt 
like the report of a piſtol; and perceiv'd ſomething come rolling to 
my feet, which I found to be the thicker and larger part of the ſtop- 
= of my vial, that of itſelf had flown off; leaving the other part 
o ſtrongly and cloſely adjuſted to the neck, that I cou'd by no 
means force it out. There was not the leaſt ſhake made in the room 
to occaſion this; nor any body preſent but my ſelf. If you take a 
Piece of red-hot copper, and hold it over a ſheet of white paper, 
you will perceive numerous flakes to fly off, with a little noiſe, ſome- 
times as far as the edges of the paper; which flakes ſeem, from 
their brittleneſs and colour, to be parts of the metal vitrified by the 
fire, and afterwards by a too haſty refrigeration ſhrinking ſo violent- 
ly, as to crack and leap from one another, like the contiguous parts 
of the ſtring of a viol, which breaks by the moiſture of the air. An 
expert artificer in metalline concaves told me, he uſually obſerved 
them to ſhrink upon refrigeration. And the like I have obſerved in 
iron of a great thickneſs, and purpoſely fitted to a hollow body of 
metal, which it would not enter when it was heated, tho' it would, 
when it was cold. But that metals may ſhrink, and do ſo with a 
very conſiderable force, appears from hence, that the ſame artificer, 
after he had made ſome large concaves of an unfit mixture of me- 
tals, and removed them carefully from the fire, left they ſhould cool 
too faſt, obſerved, that when they came to be farther refrigerated, 
they 
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they would crack with a great noiſe. Another tradeſman, whom I Puystcs: 
often employ, complained to me, that, having caſt a kind of bell 


metal upon a very ſtrong ſolid inſtrument of iron, of a ſurface con- 
ſiderably large, tho' the metal was ſuffered to cool in a warm room, 
from about eight a clock on Saturday night, till ten or twelve on 
Monday morning, and was then conſiderably hot to the touch; yet, 
Mrinking from the iron, which would not ſhrink with it, it crack'd 
in ſeveral places, with a noiſe, equal to the report of a piſtol; tho? 
the metal was an inch and a half, or two inches thick. And the 
ſame perſon ſhewed me a large cylinder of iron, about which a coat 
of bell-metal had been caſt ſome days before, on which there was a 
crack near one end,] made by the coldneſs of the iron, though the 
thickneſs of the bell-metal exceeded an inch. Nor is it only 
in ſuch mixtures as bell-metal, which may be very brittle, but even 
in a metal malleable, when cold, that the like phenomenon will 
ſometimes happen ; as I learn'd from another artificer, who affirmed to 
me, that having caſt a ring of braſs, about a cylinder of iron, he 
found, that when the metal began to cool, the parts ſhrunk from one 
another, ſo as to leave a crack, which he was obliged to fill with 
ſolder, quite croſs the breadth of the ring; tho' this was above an 
inch thick. 

Now, theſe experiments ſeem to teach, that a body may be brought 
into a ſtate of tenſion, as well by expanfion with fire, as by the acti- 
on of an external agent; and this ſtate of contraction, and compreſ- 
ſion, will be illuſtrated by a well-ſtrung bow. For, as that is brought 
to a ſtate of compreſſion by the force of the archer ; ſo by the elaſti- 
cal force of the bow, the ſtring is brought into a violent ſtate of 
tenſion, as is evident by cutting it ; for then both the bow will fly 
ſuddenly outwards, and the parts of the ſtring ſwiftly ſhrink from one 
another. And according to this doctrine, the effect of other bodies 
upon ſuch as are thus brought into, what men call, a preter-natural 
Mate, is not to be judged barely according to vulgar conceptions, 
but with reſpe& to this latent diſpoſition of the patient; for inſtance, 
tho' a ſlack ſtring of a violin, will not be hardened by the vapours 
of the air in moiſt weather; yet a neighbouring ſtring of the ſame 
inſtrument, tho' perhaps much ſtronger, being ſcrewed up, will be fo af= 
fected with thoſe vapours, as to break with noiſe and violence. And 
ſo when one part of a piece of glaſs is made as hot as poſſible, with- 
out appearing diſcoloured to the eye, tho a drop or two of cold 
water have no effect upon the other part of the ſame glaſs, yet if they 
touch the heated part, whoſe uſual extenſion is altered by the fire, 
which vehemently agitates the component particles, the glaſs will crack. 
Having met with ſeveral pieces of glaſs, which I had reaſon to think 
were of a texture or temper, very d'fferent from the ordinary ſort; 1 
try'd whether ſome of them were not more brittle and elaſtic, than 
their thickneſs gave room to imagine: but in ſeveral the experiment 
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pursics. wou'd not ſucceed, eſpecially if their figure were inconvenient ; yet 
LEAN Dy with others I had very good ſuccels ; particularly with ſome ſhaped 


almoſt like the ſharper end of the neck of a receiver. For tho” theſe 
Pieces of glaſs were much thicker than ſuch necks, or fix times as 
thick as the uſual drinking-glaſſes, yet I ſeveral times, by obliquely 
ſcratching, or rather ftroaking them on the inſide with the head or 
point of a pin, made them forcibly burft to pieces in my hand. In 
which ſurprizing effects of fo languid a motion, the matter of the 
glaſs ſeem'd to contribute, tho much leſs than the texture It obtain d 
by the peculiar way of ordering it in the fire and the air. And if it 
is poſſible to aſſign other cauſes of theſe phenomena, than ſuch. as we 
have mention'd, it will not much concern us; for, whatever the later 
cauſe of the breaking of the bodies may be, the manifeſt circum. 
ſtances of them ſuffice to ſhew, that bodies, which, as to ſenſe, are 
in a natural ſtate of reft, may be in a violent one, as to tenſion, and 
have, either upon the account of the texture of the parts among them. 
ſelves, or upon that of fome ſubtile matter, or other phyfical agent, 
a ffrong endeavour to fly off, or recede from one another. I might 
here alſo alledge, the relation of an honeſt experienced artiſt, whom 
1 often: choſe to deal with for precious ſtones. For, once conſidering 
a large lump of matter with him, which contained ſeveral ſtones, that 
he took for courſe agats, and which were joined together by a ce. 
ment, that in moſt places was harder than ordinary ſtones, and bore 
a better poliſh than marble, 1 obſerved to him, that there remained ſe- 
veral large cavities in this cement, which ſeemed to have contained 
ſuch ſtones as now made part of the lump; upon which he informed 
me, that ſeveral of the ſtones grew whilft they were lodged in thoſe 
cavities: and when E told him, that tho" I had been long of an opi- 
nion, that flones may increaſe after their firft formation; yet 1 did not 
ke how any ſuch thing appeared by thoſe we were now examining ; 
he aſſured me, that theſe ftones, after they were firſt formed, really 
tended to expand themſelves by virtue of ſome principle of gromth, 
which he cola not intelligibly deſcribe ; but that they, being lodged 
in a cement, extremely hard, and, therefore, not capable of being forced 
to give way, their expanfive endeavour was rendered ineffectual, but 
not deftroyed ; ſo that when, afterwards, they came to be taken out of 
the cement, wherein they were bedded, having their ſides now no longer 
wedged in, they quickly expanded themſelves, as if it were by an in- 
ternal, and violently compreſſed ſpring ; and would many burſt aſun- 
der, ſome into two, and others into more pieces; whereof he gave me 
forme, declaring, he had taken up-theſe ftones himſelf, naming the place, 
which was not very far off; that all he had told me, was from his 
own repeated obſervation; and that I needed not ſuſpect the ftrokes, 
employed to force the ſtones ont of their beds, made them break: 
jor beſides, that many of them, which, it ſeems, were not — 
| preſs d 
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reſs'd enough, remain'd entire; ſeveral of thoſe, which broke, were Purstes. 
taken out, without offering them any ſuch violence, whereto their 


buſting could, with any probability, be aſcribed. Faint ſtrokes and attri- 
tions may produce more laſting and operative motions, among the inſenſi- 
ble parts of compact and ſolid bodies, than would be readily imagin'd , for 
having often cauſed thin glaſs veſſels, and eſpecially urinals, to be cleaned 
with ſand and water, tho' they wou'd not appear from hence to have 
receiv'd the leaſt injury, but continue entire perhaps for ſeveral hours; 
yet they wou'd afterwards break, of themſelves, with noiſe. But as 
others, thus cleanſed, have ſtill remain'd without flaw for a long ſea- 
ſon ; this cracking ſeems principally to — — upon the peculiar tex- 
ture of the glaſs in particular veſſels, ariſing from an undue mixture 
of the ingredients, or a too haſty or unequal refrigeration of the 

parts of the metal. 3 | 
8. One principal reaſon why ſuch motions as we ſpeak of, are overlooked, 
is, that we ſcarce ever take notice but of thoſe motions of ſolid bodies, where- 
in one whole body drives away another, or at leaſt viſibly hits againſt it; whilſt 
many effetts proceed from the inteſtine motions, produced by the external agent, 
in, and among the parts of the ſame body. This obſervation is likely to 
be more readily underſtood, than granted; and therefore, by way of 
proof, I ſhall offer the following experiments. We cauſed the move- 
able 2 in a large braſs ſtop-cock, to be nimbly turned backwards 
and forwards, in the contiguous cavity made to receive it: and tho 
this motion of the key were made only by the bare hand, yet in a 
ſhort time the mutual attrition of the contiguous parts, made ſo brisk 
an agitation in the other, that the metal itſelf ſwelled, ſo that the 
key could no more be turned, but remained fixed, as if it had been 
wedged in; whence to make it work as before, it was neceſſary, 
by cooling, to let it ſhrink a little, and ſo take off the mutual preſ- 
ſure of the key, and the other part of the ſtop-cock. Nor is this to 
be looked on as a caſual experiment; for, beſides that it was made 
more than once, and is very agreeable to ſome other trials; a ma- 
ker of ſuch inſtruments complained to me, that he was ſeveral times 
forced to intermit his work, and plunge his inſtrument into cold wa- 
ter, before he could, by grinding, adjuſt the key to the cavity it 
ought to fit. The next inſtance, is afforded us by the known expe- 
riment of paſſing a wet finger upon the orifice of a drinking-glaſs 
almoſt filled with water; for tho the eye does not immediately diſ- 
cern any motion ariſing from the preſſure of the finger, made by one 
part of the glaſs upon another ; yet, that a vibration is thereby pro- 
duced, may be argued by the dancing of the water, the numerous 
drops that are made to leap quite over, and others that are toſſed up 
to a conſiderable height into the air. And that there may be con- 
fiderable motions in the ſides of the glaſs, tho* it does not break, 
ieems- probable, becauſe a drinking-glaſs being artificially cut in a _ 
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pursics. line, inveſted and ſhaken, will vibrate up and down ſo, as to leng- 
then the glaſs above a quarter of an inch; yet, being ſet upright 
again, it will reſame-its former figure, and appear entire. 
That two pieces of iron rubbed againſt one another, will acquire 
heat; is not hard to be believed; but that an edge-tool of harden. 
ed ſteel; ſhonld undergo a manifeſt and permanent change in its tex. 
ture by friction, may not ſeem ſo likely; yet experience ſhews, that 
ſuch an one, by turning, and ſhaving off the parts of metal, may be 
brought to look of a bluiſh and yellowiſn colour, and become ſo- 
ſoft, as to be uſeleſs in its former capacity, till it be again artificiall 
hardened. A famous jeweller told me, that when he poliſhes 1apphires, 
rubies, and ſome other ſorts of hard gems, upon his mill, they would 
ſeem, when the attrition had made them very hot, to be all on fire, 
hke ſo many little coals; and that each of them had the light it at- 
forded, tinged with the colour proper to the ſtone ;, ſo that the ruby 
gave a red light, the ſapphire a blue, &c. And a skilful cutter of dia- 
monds, and poliſher of gems informed me, that ſometimes when he 
poliſhed certain ſtones, eſpecially large rubies, but perhaps not thick, 
he could plainly perceive, that the ſtone gaped at and near the edge, 
as if it begun to be crack d; which ſign admoniſhed him immediate- 
ly, to ſlacken the motion of his mill, left the ſtone ſhould abſolutely 
Burſt; which if it did not, he could perceive no flaw in it, when 
throughly cold, but it appeared as intire as ever. He added, that 
once having given too great a degree of heat to an oriental topaz, 
it crack d upon the mill, ſo that one part quite ſeparated from the reſt, 
and ſpoiled the ſtone in the capacity oft a gem. And a merchant, 
who bought a fine rough diamond in the Eaſt-Indies, valued at an hun- 
dred pounds, told me, that it ſpontaneouſly crack'd upon his hands, 
and became of little value, but as a rarity: and I cou'd not but wonder, 
ro fee fo fair and hard a tone ſo oddly ſpoil'd with clefts. But the 
merchant, upon complaint of his loſs, learn'd from thoſe of more ex- 
perience, that this was no ſuch ſtrange thing as he imagined ; the like 
having happen'd to others. Nor is it always neceſſary, that the mat- 
ter Which makes the parts of an inanimate body work conſiderably 
on one another, ſhould be either very hard, or impetuoufly moved. 
For, having fonie ſhort bars of fine tin, I reſolved to try whether, 
merely with my naked hands, I could not procure a conſiderable in- 
ternal commotion among its parts; and accordingly laying hold on the 
two ends of a bar, I flowly bent it backwards and forwards, till 
it broke in the midſt; when, I perceived, that the middle parts had 
conſiderably heated one another. : 
What ufe may be- made of this experiment, as to the hidden cauſe 
| of elafticity, belongs not to this place; however, if the reſtitution of 
2 fpringy body, forcibly bent, proceeds only from the endeavour of 
the compreſs/d parts themſelves, to recover their former ſtate, one may 
take notice of the elaſticity, that iron, ſilver, and braſs gs 
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hammering, among the inſtances, that ſhew, what, in ſome caſes, may Pursics. 
be done by a motion, wherein the parts of the ſame body are, by an 


almoſt unheeded force, made to att upon one another. The forego-- - 
ing examples may alſo ſuffice, to ſhew how men are often unjuſtly 
prepoſſeſſed, that nothing conſiderable is to be expected from the mo- 
tion of a body againſt another, unleſs the former makes a manifeſt .. 
percuſſion, or truſion of the latter. But, becaule this prepoſſeſſion pre- 

vails eſpecially in caſes, where the body, which is to affect the other 
by friction or attrition, is itſelf foft or yielding, I ſhall add a few in- 
ſtances to remove the prejudice. An artiſt, eminent for grinding of op- 
tical glaſſes, confeſſed to me, that ſometimes, when he went to polith - 
his broader glaſſes, tho but upon a piece of leather, ſprinkled with put---- 
tee, the friction did ſo heat, or otherwiſe agitate the parts of the 
glats, as to make it crack from the edge to the middle; which ſeem- - 
ed the more ſtrange, conſidering. what intenſe degrees of heat, glaſſes . 
will endure without cracking, it the fire be but gradually applied; as 

this artiſt's glaſſes muſt have been gradually heated. But it may be 
worth inquiry, whether in this cafe, the whole work be pexiormed - 
by mere heat, or whether there intervene not a peculiar kind of 
motion, into which ſome bodies are diſpoſed to be put by a pecu- - 
liar kind of friction, that ſeems fitted to produce in elaſtic ſubſtances . - 
ſuch a vibrating motion, as may have ſome conſiderable effects, not 

uſually produced by moderate heat, nor always by an intenſe one. 
The trembling of the parts of a drinking-glaſs, and the viſible vibra- 
tion of the ſtrings of a bafs-viol, upon peculiar ſounds, may give - 
countenance to this conjecture. And that in ſome bodies, ſuch a 

tremulous motion is producible, by rubbing them on ſo ſoft a thing 

as wool, or upon a piece of cloth, I found by this experiment. We 
caſt into a hollow veſſel, very ſmooth within, and of an almoſt he- 
miſpherical figure, ſeveral ounces of good melted brimſtone; and ha- 


ving ſuffered it to cool, and taken it out, the convex ſurface appear d 


well poliſhed ; then, this lump, being briskly rubbed in the ſame line, - . 
forwards and backwards, upon a cuſhion, in a {till place, I could, by 
holding my ear to it, and attentively liſtening, plainly hear a crackling - 
noiſe made by the agitated parts, which continued in a brisk, and perhaps- 
a vibrating motion for ſome time after the friction was ended. And: 
that there may be a conſiderable commotion produced among the in- 
ternal parts of bodies, by rubbing them again& ſoft ones, I have of- 

ten obſerved from the ſteams produced by rubbing good ſulphur up- 
on my clothes: and have found the like effect from much harder, and. 
cloſer bodies rubbed againſt one another. For having purpoſely rub-. 
bed two human calculi againſt each other, they quickly afforded a rank 
ſmell of ftale urine. And diamonds themſelves will, by rubbing them 
upon woollen clothes, be made electrical; which ſeems to argue, that. 
their parts are thereby ſet in motion. And that this commotion reaches 
to the internal parts, I am apt to think, becauſe 1 have a diamond, 
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that, by well rubbing againſt my clothes, will, for a little while, ſhine 
in the dark; which is the ſame phenomenon I have produced in the 
king's large diamond, by giving it one brisk ſtroke with the point of 
a bodkin ; where the light, which preſently appeared in the gem, 


ſeemed not referable to any thing ſo likely, as to the ſudden commo- 
tion made in the internal parts of it. 


It deſerves to be inquired what kinds of modification of motion there 


are, and what effects they may have in the parts of ſolid bodies. 


For tho? the ſtones uſed by the Tralian glaſs-men, are very hard, and 
have afforded me ſparks of fire by colliſion; yet by rubbing them a 
little, one againſt another, I found that ſuch an agitation was cauſed 


in their parts, as to make them yield fetid exhalations. And, poſſi- 


'bly, glaſs owes the quality of emitting offenſive ſteams to the ſtony 
ingredient. And it is remarkable, that tho' ſo vehement an agitation 
of the parts, as is given to glaſs by heat, when made almoſt red- 
hot, does not cauſe it to emit odours; yet barely by dextrouſly rub- 
bing two ſolid pieces one againſt another, thoſe fixed bodies will in 


' a minute 5 — ſteams, ſenſibly and rankly fetid; tho* one would 


think theſe exhalations very much indiſpoſed to be forced off, ſince 
they were not expelled by the vehement fire, which the glaſs long 
endured in the furnace. 

There are few things ſhew better, both how the parts of unor- 
ganiz?d bodies communicate their vibrating motions to one another, 
and how brisk thoſe motions are, than what happens upon ſtrik- 
ing a large bell with a clapper. For tho' the ſtroke be immediate- 
ly made, but on one part, yet the motion produced is propagated to 
the oppoſite one; and the ſucceſſive vibrations of the ſmall parts, even 
in ſo ſolid and cloſe a body, run many times round; as appears by 
the durableneſs of the noiſe, which ſeems plainly to proceed from the 
circularly ſucceſſive vibrations of the parts; for, unleſs they briskly 
trembled themſelves, they can ſcarcely be fitted to give the air that 
motion, whoſe effe& on the ear, we call ringing. And this motion of 
the parts of the ſounding bell may be farther argued from hence, 
that if the finger, or ſome other ſoft body, be laid upon it, the ſound 
will be checked, or deadened; and much more, if a broad ftring, tho? 
ſoft, be tied about it. And not only an attentive ear may ſhew, that 
the found is produced by a motion, propagated circularly in the 
bell; but this vibration may ſometimes be alſo felt in the tremulous 
motion, communicated by the trembling parts of the bell to the fin- 
ger warily applied. That this motion paſſes circularly from one ſide 
of the bell to the other, ſeems manifeſt by the great difference of 
ſound, obſervable in an entire bell, and a crack'd one; where yet all 
the matter, and the former figure are preſerved ; only the continuity, 
which is neceſſary to the circulation of the tremulous motion, is hin- 
dred at the crack. The motion of the parts is alſo very brisk, ſince 
if a convenient ſized bell were bound about with a broad ftring, — 

then 
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then ſtruek with the uſual force, and which it would otherwiſe very well Purstcs 
bear, that percuſſion would break it; a diſorderly check being given to 1, /\J 
the brisk motion of the parts, whereof ſome happening to be much more | 
agitated than others, the force of their motion ſurmounts that of 
their coheſion; and ſo produces a crack. But becauſe great bells are- 
not eaſily to be procured, or managed ; I took that of a large watch, 
which had no handle put to it, except a little wooden bodkin, whoſe 
point we thruſt into the hole, uſually left in the middle of the ba- 
lis; and this ſerving to keep the bell ſteady, we placed in the cavity of 
it, near the edges, ſome black mineral ſand, or ſmall filings of ſteel, .. 
copper, or the like, which muſt not be too ſmall ; and then ſtriking 
moderately. with the key againft the ſide of the bell, we obſerved... 
that whilſt it continued briskly ringing, it made many of the filings 
to dance up and down, and ſometimes to leap and Skip about; and 
having put a middle-ſized drop of water, near the lower edge of the 
bell, it was eaſy to make it viſibly tremble, and be, as it were, co- 
vered over with little waves, by a brisk ſtroke of the key on the 
oppoſite ſide. And this effect was more conſpicuous, when we placed 
a very large drop of water near the edge, on the conyex ſide of a 
hand-bell, whoſe clapper was kept from touching the inſide of it. 
And to obviate their jealouſy, who, not having ſeen the manner of 
the above-mentioned motion of the ſand, might ſuſpe& it was pro- 
duced by the impulſe, which the bell, as an intire body, received from 
the — made by the key; we ſeveral times forbore putting in 
the filings, till after the ſtroke had been given; which ſhews, that the 
dancing of the minute bodies proceeded from the brisk vibrations of 
the ſmall parts of the bell, which, at the ſame time, ſtriking the air 
alſo; uced- a ringing found, that might very well, as it did, 
out-laſt the skipping of the filings ; the exceedingly minute particles 
of the air, being much more eaſy to agitate, than the comparative- 
ly groſs and heavy corpuſcles of the powder: and this was the ſuc- 
ceſs of our experiment in a bell, that little exceeded an inch and an 
half in diameter. 

Theſe obſervations I 1 will ſhew, that ſuch local motions, as 
are uſually, either paſſed over unregarded, or thought not worth the 
notice, may have a conſiderable operation, if not upon the generality 
of bodies, yet upon ſuch as are peculiarly diſpoſed to admit it; and 
ſo have a confiderable ſhare in the production of ſeveral phenomena 
of nature, which are commonly referred to leſs genuine, and leſs 


intelgible cauſes. 
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ü Hough the virtues of the load-ſtone are reckon'd among qua- 
lities the moſt occult, yet I ſhall attempt to ſhew, that ſome, 
even of theſe, may be introduced into bodies, by mechani- 

cal changes. | 
E fre moral And, 1. To ſhew that magnetiſm proceeds not from the ſubſtan- 
27 a loadiſtane. tial form of the load-ſtone; a piece of ſteel fitly ſhaped, and well 
excited, will, like a load-ſtone, have its determinate poles, and with 

them point north and ſouth ; it will attra& other pieces of iron and 

ſteel, and, which is more, communicate to them the ſame kind of 

virtue, with itſelf; and theſe faculties it poſſeſſes, not as light and 

tranſient impreſſions, but ſettled powers, and may retain them for 

many years, if the load-ſtone, to which it was duly applied, were vi- 

gorous. Now, in a piece of ſteel or iron thus excited, it is plain, 

that the magnetic operations may be regularly performed, for ſucceed- 
ing years, by a body, to which the form of a load-ftone doth not be- 
long ; ſince, as it had its own form before, ſo it retains the ſame 
ſtill; continuing as malleable, fuſible, &c. as an ordinary piece of the 
jame metal unexcited : ſo that, if there be introduced à fit diſpoſi- 
tion into the internal parts of the metal, by the action of the load- 
ſtone, the metal, continuing of the ſame ſpecies it was before, will 
need nothing, but the continuance of that acquired diſpoſition, to 
make it produce magnetical effects. And if this diſpoſition, or inter- 
nal conſtitution of the excited iron be deſtroyed, tho? the form of the 
metal be not at all injured, yet its power of attraction will be abo- 

*Hſhed; as appears, when ſuch an excited iron is made red-hot in the 

fire, and ſuffered to cool again. 


A load- 


MAGNETICS. 

A load-ſtone, alſo, may eafily, by ignition, be deprived of its power 
of ſenſibly attratting iron, and yet continue a true load-ſtone in other 
capacities; which, according to the vulgar philoſophy, ought to de- 
pend upon its ſubſtantial form: and the load-ſtone thus ſpoiled may, 
notwithſtanding this form, have its poles altered, at pleature, like a 
piece of iron. 

And, tho' it be generally taken for granted, that in a ſound load- 
ſtone, never injured by the fire, not only the attractive power, but 
the particular virtue, which it hath, to point conſtantly, with one of 
its determinate extremes, to one determinate pole, flows immediately 
from its ſubſtantial, or at leaſt eſſential form; yet this form, remain- 
ing undeſtroyed by fire, the poles may be changed: for taking a very 
ſmall fragment of a load-ſtone, I found, that by applying ſometimes 
one pole, and ſometimes the other, to the poles of a very vigorous 
load-ſtone, I could change the poles of the little fragment; tho* by 
applying a larger piece, I was not able, in many more hours, than 1 
employed minutes before, to make any ſenſible change of the poles. 
And this I hope may ſhew, that, how unanimouſly ſoever men have 
deduced all magnetic operations from the form of the load-ſtone, yet 
ſome internal change of pores, or other mechanical alterations, or in- 
ward diſpoſition, either of the excited iron, or of the load-ſtone itſelf, 
will diſable, or enable a body to perform ſome determinate magneti- 
cal operations. I ſhall now add ſome farther particulars, to make it 
—ů that magnetical qualities may be mechanically produced or 
altered. 

2. I have often obſerved in the ſhops of artificers, that, when well- 
tempered tools are heated by attrition, and apply'd to filings, or chips 
of ſteel, or iron, they will take them up, as f the inſtruments were 
touched by the load-ſtone: but as they will not do this, unleſs 
they are excited by friction, which makes a great commotion in 
the inner parts of the fteel; ſo they retain not ſuch a vigorous 
magnetiſm, after they are grown cold again: as appears by 
barely rubbing a piece of ſteel againſt the floor, till it gains a fut- 
ficient heat; for whilſt it continues ſo, it diſcovers a manifeſt at- 
tractive power, but loſes it upon growing cold. 

3. Tis, likewiſe, obſerved, that the iron bars of windows, by having 
ſtood very long in an erect poſture, may grow magnetical ; ſo that if 
you apply the north point of a poiſed needle to the bottom of the 
bar, this will drive it away, and attra& the ſouthern ; and if you raiſe 
the magnetic needle to the upper part of the bar, and apply it as 
before, this will draw the northern extreme, which the other end of 
the bar repelled ; probably, becauſe the bar is, in tract of time, by 
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MAGNETICS. 
4 I have found, indeed, that, if a bar of iron, which has not ſtood- 


long in an erect poſture, be but held perpendicular, the experiment 


will ſueceed; but then this virtue, diſplay d by the extremes of the 
iron, will be ſo tranſient, that if the bar be but inverted, and held 
again upright, that end, which juſt before was the uppermoſt, and 
drew the north point of the needle, will now, being lowermoſt, drive 
it away; which will not happen to a bar, that has been for ſome 
years kept in the ſame poſition. So that, ſince length of time is 
requiſite to make the verticity of a bar of iron ſo durable, that the 
ſame extreme will have the ſame virtues, with regard to the magne- 
tic needle, whether it be the upper, or the lower end of the bar; 
it ſeems not improbable, that by length of time, the whole magnetic 
virtue of this iron may be inereaſed, and, conſequently, ſome degree 
of attraction acquired. And from hence, I ſhall endeavour to explain 
that ſtrange phenomenon, which is reported to have happened in 
Italy, the converſion of an iron-bar into a load-ftone, whereot a piece 
was kept, amongſt other rarities, in the repoſitory of Aldrovandus. 
For, conſidering the greatneſs of its ſpecific gravity, the malleableneſs, 
and other properties, wherein iron differs from load-ſtone, I cannot ea- 
ſily believe, that, by ſuch a way, as is mentioned, a metal ſhould be 
turned into a ſtone. Indeed, the ſtory is imperfectly told; the chiefeſt 
and cleareſt thing in it being, that at the top of the church of Ari- 
mini, a great iron- bar, placed there to ſupport a croſs of an hundred 
pound weight, was, at length, turned into a load- ſtone. But whether 
the reality of this tranſmutation was examined, and how it appeared, 
that the fragment of the load - ſtone, preſented to Aldrovandus, was ta- 
ken from that bar of iron, I am not ſatisfied by the narrative. There- 
fore, conſidering the great reſemblance I have ſometimes ſeen in co- 
lour, beſides other manifeſt qualities, betwixt ſome load-ftones, and 
fome coarſe, or- almoſt ruſty iron, I am tempted to think, that thoſe 
who obſerved this iron-bar, when broken, to have acquired a ftrong 
magnetical virtue, which they never dreamed, wou'd be communicated 
in tract of time, might be eaſily perſuaded, by this virtue, and the 
reſemblance of colour, that the iron was turned into load-ſtone ; eſpe- 
cially, they being prepoſſeſſed with that Ariſtotelian maxim, whence 
the relator would explain this phenomenon, that fimilar things arc 
eaſily changed into each -other. 

5. But, leaving this as a bare conjecture, we find, that what vir- 
tue an oblong piece of iron may need a long tract of time to ac- 
quire, by help only of its poſition, may be ſoon imparted to it, by 
means of the fire; as is very obſervable in tongs, and ſuch like iron 
utenſils, which have been- Bt to cool, leaning againſt ſome wall or 


other prop, that kept them in an ere& poſture; which renders it 
probable, that the great commotion: of the parts, made by the vehe- 
ment heat of the fire, diſpoſed the iron, whilſt it was yet ſoft, its 
pores lax, and parts more pliable, to receive much quicker impreſſi- 
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done, if it had ſtill been cold. And it is very remarkable, what dif- 


ferent effects are produced, by the operation of the fire, upon two 
magnetic bodies, according to their reſpective conſtitutions. For, by 
keeping a load-ſtone red hot, tho you cool it afterwards in a per- 
pendicular poſture, you may deprive it of its former power of at- 
tracting. But a bar of iron being heated, and ſet to cool perpendicu- 
larly, thereby acquires a manifeſt verticity. Of which differing events, 
poſſibly the reaſon is, that the peculiar texture and conſtitution which 
makes ' a load-ſtone, ſomewhat more than an ordinary ore of iron, it's 
uſual ingredient, being ſpoiled by the violence of the fire, tis left 
in the condition of common iron, or iron-ore ; whereas the fire ſof- 
tens the iron itſelf, agitating its parts, and making them more flexi- 
ble; and by relaxing its pores, diſpoſes it to be eaſily pervaded by 
the magnetical ſteams of the earth; from which it may, probably, re- 
ceive its verticity : and this the rather, becauſe, IJ have often tryed, if 
an oblong load-ſtone, once ſpoiled by the fire, be thoronghly heated, 
and cooled either perpendicularly, or lying horizontally, north and 
ſouth, it may, as well as a piece of iron, treated in the ſame man- 
ner, be made to acquire new poles, or to change the old ones, at 
leaſure. But whatever cquſes the different effect of the fire upon a 
ound load-ſtone, and a har of iron, it ſeems to ſtrengthen our con- 
jecture, that magnetical operations may much depend upon mechani- 
cal principles. | | | 

I may add, that having brought a large piece of a certain kind of 
Engliſh oker to a convenient ſhape ;, though, till it was altered by the 
fire, it diſcovered no magnetical quality; yet after it had been kept 
red-hot in the fire, and ſuffered to cool in a convenient poſture, it 
was enabled to operate magnetically upon a poiſed' needle. 

6. The magnetical virtue in a body, may be aboliſhed without de- 
ſtroying the ſubſtantial or eſſential form, and without ſenſibly adding, 
diminiſhing, or altering any thing, of the falt, ſulphur, and mercury, 
whereof chymiſts preſume iron and ſteel to be compoſed. For, it 
has been ſometimes obſerved, that the bare continuance of a load- 
ſtone itſelf, in a contrary poſition to that, which, when freely placed, 
it ſeems to affect, has either changed, or ſenſibly leſſened the virtue 
of it. And having a load-ſtone, whole vigour was very extraordinary, 
I locked it up in a cabinet; but when I had, ſome time alter, 
occaſion to make ule thereof, I found it ſo exceedingly decayed, as 
to its attractive power, that I refuſed to employ it in any caſes of 
moment. | 

7. But this degeneration of the magnetical virtue, which may, in 
tract of time, happen to a load-ſtone, will, in a moment, be made by 
the help” of that ſtone, in an excited needle. For a well poiſed nee- 
dle, being by the touch of a good load-ſtone, brought to turn one 


of its ends to the north, and the other to the ſouth, may, by a con- 
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trary touch of the ſame load- ſtone, be deprived of the faculty it had 
of directing its determinate extremes, to determinate poles. Nay, b 


another touch, the needle may, preſently, have its direction ſo change 
that the end, which before pointed to the north, ſhall now regard 


9 


the ſouth. And, to make it more probable, that the change of mag- 
netiſm may be produced by mechanical operations, procuring ſome 
change of texture in the iron, I ſhall add, that if a rod of iron, by 
being heated, ſuffered to cool north and ſouth, and hammered at its 
ends, be very manifeſtly endowed with a magnetical virtue, this virtue 
will, in a moment, be deſtroyed, by two or three ſmart blows of a 
ſtrong hammer upon the middle of it. * 


* Sir I/. Newton tells us, that, Magne- 
« tiſm differs from gravity,becauſemagne- 
tic attraction is not as the quantity of 
* matterattrated;and becauſe ſome-bodies 
« are thus more attracted, others leſs, and 
* a great number not at all. Beſides, the 
* magnetic force may be increaſed and 
diminiſhed in one and the ſame body, 
and is ſometimes much greater in pro- 
portion to the quantity of matter than 
the power of gravity ;. and in going 
* from the magnet decreaſes not in a du- 
* plicate, but nearly in a triplicate pro- 
portion of the diſtance.” Newton. Prin- 


7. 368. 

« Whiſteon lately found, that a load- 
ſtone- has both an. attractive and a di- 
rective power, independent one of the 
ether; whilſt iron touched by it has only 
the former, and will ſuffer ſtcel-filings 
to lie along, os ſtand perpendicularly to 
its ſurface, and not like the ſtone, direct 
them to certain angles, with reſpe& to its 
ſuperficies and axis; that ſtones of a ſmall 
ſize and virtue give as good a directive. 
touch to needles, as the ſtronger and 
the larger; that the touch of the load- 
ſtone conſiderably diminiſhes the weight 


of the needle; one of 45845 grains, loſing 
27 grains thereby, and another of 65726 
grains, no leſs than 14 grains; that the; 


60 
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abſolute attractive power of armed load. 
ſtones, is as their quantity of ſurface; 
that the load - ſtone attracts needles which 
have been touched, and others which 
have not been touched with equal force, 
at unequal diſtances ; that both poles of 2 
ſtone equally attract needles before the 
touch, upon which it is, that one pole be. 
gins to attract one end, and repel the other; 
tho' the repelling pole will ſtill. attrad 
upon contact, or at a very, ſmall diſtance; 
that the attractive power of load-ſtones, 
is in the 4 —— — of the 
diſtances of their ſurfaces, from the needle 
reciprocally.;. that the entire power of 
magnetiſm in this country, as it affects 
needtes of a foot long, is to that of gra- 
vity, as 1 to 300; that the quantity of 
the magnetic power accelerating: the fame 
dipping-needle, oſcillating: in different 
vertical plains, is as. the coſine of the an · 
gle made by thoſe plains, and the magne- 
tic meridian taken on the. horizon ; and 
laſtly, that the times of oſcillation and 
vibration in dipping, and horizontal nee- 
dles, equally. good, is as their lengths di- 
realy ; and tlie actual velocity of their 
points along their arcs always equal. Sea 
Whifon's Dipping-needle, and Philiſ. Tran. 
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SECT. IL 
T H E load-ſtone is ſo ſtrange a body, and its uſefulneſs to man- 


phenomena that directly relate. to ſo abſtruſe a ſubject. But in the 
preſent inquiry, I principally. intend to make the load-ſtone rather the 
object, than the initrument of my experiments; by working on the ve- 

ſubſtance of the ſtone, not ſo much to advance or apply its facul- 
ties, as to weaken and deſtroy. them, in order the better to under- 
ſtand them. Having, therefore, procured a conſiderable number of na- 
ked load-ſtones, moſt of them courſe, differing in ſize, ſhape, colour, 
and countries ; I. made ſeveral. trials upon them. 


1. And, firſt, having made: ſeveral load-ſtones glowing hot, and re- 
moved them from the fire till they grew cold again, I found a great 
diſparity in the viſible ſubſtance whereof they conſiſted, and the mani- 
feſt ſtructure of the groſs parts that made them up. For ſome upon 
refrigeration, . either fell aſunder of themſelves, or grew very brittle ; 
others ſtill continued intire; ſome of them, being broken, look'd like 
iron-ore.; others being broken, after refrigeration, appear'd to conſiſt of 
flakes of ſeveral colours, lying parallel to one another: and others 
again,. which, as I amy 19" were Engliſh, neither appear d compos'd: 
of any. ſuch flakes, had their dark colours much chang'd by the 
operation of the fire, nor ceaſed to be ſolid bodies. 

2. We could not, upon ſucceſſively burning ſeveral ſmall load-ſtones, 
diſcern any ſuch blue ſulphureous flame, as Porta in his natural ma- 
gic relates himſelf to have ſeen, and judges to have been, as it were, 
the ſoul of the load- ſtone; upon the receſs of which, he ſays, it loſt 
its magnetic faculty; which is moſt commonly true as to any conſi- 
derable degree of the attractive power, tho not of the directive fa- 
culty or virtue. But Porta might miſtake the ſmall flame, which is 
often emitted even by well-kindled and glowing charcoal, (on which 
fort his load-ſtone was placed,) eſpecially when a little blown upon, 
for the exhaling ſoul of the load- ſtone; or elſe we may ſuppoſe, that 
his ſtone was more rich in unctuous moiſture than others. 

3. The ſolidity of ſome Fngliſh load-ſtones, led me, tho' I look d 
upon them as a kind of iron-ore, to try whether they wou'd not 
ſtrike fire. And having made ſeveral collifions betwixt a rough piece, 
and a common ſteel ; I found it was poſſible, with difficulty, to obtain 
{ome fparks, tho? they ſeem'd ſmall z- but briskly ſtriking a large 
piece of imooth load-ſtone, with the edge of a ſteel'd hammer, we 
produced numerous ſparks, ſome of them of a furprizing bigneſs; for 
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kind already fo great, that it were inexcuſable to neglect any nd — 
tions upon th 
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-Pnys1cs. they were judged to exceed the ſize of thoſe uſually afforded by com- 
mon flints. - | : 

4. For certain reaſons, I thought fit to try further, it whether 
were not poſſible, to make load- ſtones afford fire, without the help 
of iron or ſteel. I therefore choſe two ſolid pieces cut almoſt in- 
to the form of cuhes; and found that many collifions being made 
with them, eſpecially at the edges, there were produced, from time 
to time, but not frequently, ſome ſparks of fire; tho neither fo nu- 
merous, great or vivid, as thoſe when the ſteel was employ d. 

5. 1 have found that if an oblong load- tone, made glowing hot, 
be cooled perpendicularly, the lower extream will thereby become its 
north pole: and now I add, that if ſuch a load-ſtone be refrigerated per- 
pendicularly, upon the northern extream of a much ſtronger load-ſtone 
the weaker ſtone will receive impreſſions, as if it were iron, and its 
lower extream not be, as before, by the magnetic effluvia of the earth, 
made its northern pole; but it will be contrarywiſe animated by the 
pole of the load-ſtone, on which *tis cooPd ; ſo that the lower ex- 
tream of it, will prove its ſouthern pole, briskly attracting the north 
end of an excited needle. 33 

6. By the like way of refrigeration, I alſo found, that a diſanimated 
load-ſtone may be reſtored, to ſome degree of attractive virtue; for 
I try'd that a ſmall load-ſtone, which, after being made red-hot in 
the fire, and cool'd perpendicularly upon the ground, was not able 
to take up a fragment of a needle; being again heated, and not on- 
ly cool'd upon the pole of a ſtrong load- tone, but ſuffered to reſt on 
it a while after, ſoon grew vigorous enough, to take up what it could 
not move before. 

7. I further obſerv'd, that tho' a load-ftone which had once paſs'd 
the fire, wou'd not, by being made red-hot, have its body open'd and 
fitted, to take in plentifully the magnetical ſteams; would yet, like a 
wire of iron, acquire a new Verticity from a vigorous load- ſtone; but 
not be in many hours ſo vigorouſty impregnated with magnetic vir- 
tue, if it were applied cold to the pole of the animating load-ſtone ; 
as it would in a very ſhort time, it being glowing hot it were ſuf- 
fer'd to cool thereon. 

8. It has been obſerv'd, that if a load-ſtone be made red-hot in the 
fire, it ſcarce retains any ſenſible attractive virtue, only it will be able, 
by being endowed with a magnetiſm from the earth, to drive away that 
pole of a necdle which agrees in denomination with that pole of the 
load-ſtone, whereto it is applied. But this is not ſtrictly and univer- 
ſally true; for in ſcme * our Exgliſh load- ſtones, it has been re- 
mark'd, that ignition does not only leave them poſſeſs'd of a di- 
rective virtue, but alſo a conſiderable attractive power; fo that they 
will ſuſtain a large weight of fteel. , 


9. We 
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9. We took three Engliſh load- ſtones, that appeared to be of a ve- PHYSICS. 
ry compact ſubſtance ; two of them not near half an inch in length, LW 
the other much greater, being about an inch long, and of a confider- 
able breadth, yet of {mall thicknels: theſe were made red-hot in a 
fire of well kindled charcoal; and when they thorowly glowed, we 
removed them, one after another, and ſoon ſet each upon a plate of 
ſilver; and ſeverally applying a capp'd load-ſtone to them whilſt yet 
red-hot; it ſeem'd manifeſt that the ſtone had not then ſo ſtrong 
an effect on them, as if they were not red-hot : but, when they ceas'd 
to glow, tho' they were {till intenſly hot, the armed load-ſtone had a 
more powerful operation on them, by way of attraction and ſuſtenta- 
tion, than before; and, alſo, even than after the ſame ſtones were grown 
cold. 

10. This experiment was repeated with the two ſmaller magnets 
and the greater, with the like ſucceſs: and when they were grown 
cold, they did, notwithſtanding their having been twice ignited, diſco- 
ver ſome little magnetiſm, if apply'd to the end of a well-excited 
magnetic needle, nicely pois'd,. with its centre of gravity upon the 
point of an ordinary needle. And, I found that the bigger of theſe 
three load-ſtones, after the firſt, if not alſo after the ſecond ignition, 
moved the magnetic needle more briskly than one would have ex 
pected; and being thruſt into filings of ſteel, and then taken out, it 
carried up with it and ſuſtained a conſiderable number of them. 
Whence we may conclude, that in ſome load-ſtones of a very ſolid 
conſtitution, ſuch- as this was; the magnetical virtue is more radi- 
cated or permanent, than in the generality of other magnetic bodies: 
this ſtone being the firſt wherein I obſerv'd, after I had thorowly ig- 
nited it, any attractive virtue able to take up filings of iron. 

11. We took the ſame load-ſtone that was employ'd about the laſt 
experiment, and having again made it red-hot, in the fire, ſuffered it 
not to cool leiſurely in the air, as before, but quenched it, in a ba- 
ſon of cold water; intending thereby to make a double variation of 
the experiment; firſt, by cooling it haſtily; and next, by cooling it 
in a fluid vaſtly more denſe or ponderous than the air. The event 
of the trial was, that, upon the immerſion of the red-hot ſtone, there 
fell off ſome flaky matter, as if it had been ſcales of iron; and the 
one, when cold, would not take up any filings of iron, as before it 
did; ſo that it appear'd to have loſt much of the virtue it ſo late- 
ly had; tho' it retain'd the power to move a well-pois'd needle, if 
it were held near, on either ſide of the point of it. 

12. A black oblong load-ſtone, of a ſimilar ſubſtance, and weigh- -_ 
ing near three drams, having been made to glow in a fire of well- 
kindled charcoal, and to continue in that ſtate for ſome minutes; 
being weighed again as ſoon as it was cool'd, loſt about 3 of a grain 
in- weight, and much. of its black colour, 
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13. A lump of iror-ote, which look d almoſt like a white ſtene 


rather than common-ore, and about the bigneſs of two eggs; being 


apply'd, in ſeveral of its parts, to an excited needle, did not appear 
to move it manifeſtly. But being afterwards made glowing hot, and 
kept ſo for a while, and then cooled; it did in thoſe parts, which 

ſeem'd by their new colour to abound with metalline corpuſcles, ma- 
nifeſtly attract the north end of the needle. And this was tryed, 
both with a needle of our own touching, and by the mariners nee. 
dle, whoſe Homer- de- Luce, the burnt ore manifeſtly drew. 

14. A brick that had not been us'd, being ſaw'd length-ways into 
two equal pieces, and each of theſe being heated red-hot in the fire 
for a pretty while, and afterwards ſuffer d to cool north and ſouth , 
thereby acquired a magnetical verticity z and with that end which 
in cooling reſpected the ſouth, faintly drew the Flower-de-Luce of the 
mariner's needle ; and with the other end, ſomewhat more vigorouſly 
drove it away, and a little attracted the other extream of the nee. 


dle. 

15. We took a black load-ſtone, and having by degrees beaten it 
mall without ſuffering it to touch any iron or ſteel veſſel, or in- 
ſtrument; we ſet aſide the groſſer grains, and upon ſome of the finer 
powder pour d the ſpirit of common ſalt, which had, at firſt, a ſenſi. 
ble operation upon it, by producing fetid fumes, and making a kind 
of ebullition, as that menftruum uſually does upon filings of iron or 
Keel. Nevertheleſs, being kept for a night or two in digeſtion, it 
drew a high tincture; and tho this was not at all, like the folution 
of iron in ſpirit of falt, green, but 'of a yellowiſh brown, not very 
remote from redneſs ; yet a little of it being dropt into a freſh infu- 
ſion of galls, preſently turned it to an inky ſubſtance, which in ſome 

ſitions appear'd bluiſh, as a tincture or light ſolntion of ſteel would 

ve done. And having carefully made a ſolution of load-ſtone, with 
good Aqua regia, it was thought to be a fine ſolution of gold. 

16. Having, caus'd'a weak load-ſtone to be heated red-hot, and after- 
wards to be beaten very fine, I digeſted ſpirit of ſalt upon it; which in a 
few hours acquir'd a tincture, almoſt like that of a troubled ſolution 
of gold. It ſtrongly reli{k'd of iron, and a little being dropp'd into the 
infuſion of - galls, turn'd it immediately into an inky liquor. Part 
of this ſolution being gently evaporated, grew thick like an extract, 
but did not ſeem: diſpos'd to ſhoot into cryſtals ; yet another part 
of it, -precipitated with the ſalt of tartar, much like a ſolution of 
vitriol ; and another with ſpirit of fermented nrine, gave a large yel- 
.dowills red : precipitate, 


17. A 


* — — — oe 7 


MaGNETICSs. 


17. A red mineral, of a conſiſtence between ſtony and earthy, was Purvsics. 
by me judg'd to be a kind of iron-ore, tho* having powder'd ſome C50 


of it, I could not find that a good load- ſtone would attract any part 
thereof; I, therefore, caus'd this red powder, wetted with linſeed oil, 
to be kept, for about two hours, glowing hot, in a crucible; by which 
means it was turn'd blackiſh. This dark colour'd powder being ta- 
ken out, and ſuffer'd to cool, would readily adhere to the ſame load- 
ſtone, almoſt as if it had been a heap of filings of iron. But the 
operation of the fire, perhaps, contributed as much as the linſeed oil, 
to this change: for, a parcel of the red powder being kept ignited 
in a ervcible, without liquor, afterwards appeared magnetical, 
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HAT it is not neceſſary to make electrical attraction the 
effect of a quality, flowing immediately from a ſubſtantial 


O F 
ELECTRICITY: 
| form, but rather, of a material. effluvium, iſſuing from, and 


returning to, the electrical body, appears from ſeveral particulars ob- 
ſeryable in ſuch bodies, and their manner of acting. 
— 1 Different hypotheſes are advanced to ſolve the phenomena of electri- 
ſetve the phe, cal attraction. The firſt is that af the gearhed E. Cabeus, who thinks 
mowens of cle. the drawing of light bodies by #mbeg,” Cc. may be accounted for, 
aricity. from ſuppoſing, that the ſteams, Which iſſue out of ſuch bodies, diſ- 
cuſs and expel the neighbouring air; which, after it has been driven 
off a little way, makes, as it were, a {mall whirl-wind, becauſe of the 
reſiſtance it finds from the remoter air, which has not been affected 
by the electrical ſteams ; and that theſe, ſhrinking back ſwiftly to the 
electric body, do, in their returns bring along with them ſuch light ſub- 
ftances as they meet with in their way. And upon this occaſion I offer it 
to be conſidered ; whether by the gravity of the atmoſpherical air, ſur- 
mounting the ſpecific gravity of the rarified atmoſphere about the am- 
ber, the attraction may not, in ſeveral caſes, be either cauſed or promot- 
ed. Another hypotheſis is that of Sir Xenelm Digby, and others: ac- 
cording to which, the amber by being chafed, is made to emit certain 
rays of unctuous ſteams, which, when they come to be a little cool- 
e& by the external air, are ſomewhat condenſed ; and having loſt of 
their former agitation, ſhrink back to the body, whence they ſallyed, 
and carry with them thoſe light bodies, to which their farther ends 
happen to adhere, at the time of their retraction. And this way is 
employed alſo by the learned Gaſſendus, who adds, that ſuch electri- 


cal rays being emitted, ſeveral ways, and conſequently croſſing one _ 
ther, 


ELECTRICITY 


ther; get into the pores of the light body to be attre&24)-and; by Purstes. 
means of their croſſing, take the faſter hold of it, and have the 


greater force to carry it along with them, when they ſhrink back to 
the body, whence. they were emitted. | | | 
A third hypotheſis is deviſed by Des Cartes, who diſlikes the ſolu- 
tions of others, chiefly becauſe lie thinks them not applicable to glaſs, 
which 'he- ſuppoſes unfit to yield effluvia, tho' it be an electrical 
body; and therefore attempts to account for electrical attractions, by 
means of certain particles, ſhaped almoſt. like ſmall pieces of ribband, 
which he ſuppoſes to be formed of ſubtile matter, harboured in the 
pores of 'glaſs : but this is very doubtfully propoſed, by the author, 
and ſeems to be embraced upon a miſtake. He fays, that electrical 
effluvia, ſuch as are ſuppoſed to be emitted by amber, wax, ec. ca- 
not be imagined to proceed from glaſs; which ſuppoſition I grant is 
plauſible, but cannot allow it to be true. For as ſolid a body as 
glaſs is, yet if you dexterouſſy rub, for two or three minutes, two 
pieces of it againſt one another, you will find, that glaſs is able to 
re 221779983) IS03 7 EO, DET. FLA 
But it is not neceſſary, that 1 ſhould here conſider, all that has 
been ſaid for and againſt each of the hypotheſes mention'd ;/ ſince 
they all agree, that electrical attractions are not the effects of a mere 
quality, but of a material efflux from the attracking body; and all 
endeavour to ſolve the phenomena in a mechanical way, without ha- 
ving recourſe to ſubſtantial. forms, and - inexplicable qualities, or fo, 
much as taking notice of the 1 principles of the chymiſts. 
It may, therefore, ſuffice, that J here mention ſome phenomena, which, 
in general, make it probable, that amber, Cc. draw light bodies, by 
virtue of ſome mechanical properties, either of the attracting, or at- 
tracted bodies, or of botn. | £53 


1. The firſt and moſt general obſeryation is, that electrical bodies rr eefrice! 


attract not, unleſs they be warmed ; which, tho' it does not alway 


8 bodies act me- 


hold, yet ſerves to countenance our doctrine of corporeal effluvia. For %. 


it is known, that heat, by agitating the parts of a fit body, ſollicits 
it to ſend out its effluvia, as is obvious in odoriferous gums and per- 
fumes, which, being heated, emit their fragrant ſteams both farther, 
and in greater plenty, than otherwiſe they would. © | 

2. It has been obſerved, 'that amber, warmed by the fire, does 
not attract ſo vigorouſly, as if it acquires an equal degree of heat, by 
chafing : ſo that the modification of motion, in the internal parts, 
and in the effluvia, may, as well as the degree of it, contribute to the 
attraction. And the effect may often be promoted by employing both 
theſe ways ſucceſſively; as I manifeftly found, by firſt warming am- 
ber by the fire, and preſently after chafing it upon a piece of cloth : 
as if the heat of the fire had put the parts into a general, but con-, 
fuled agitation ;' to which it was eaſy for the ſubſequent attrition to 


N 
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purstcs. give a convenient modification, in a body, whoſe texture diſpoſes it 
do become vigoroully electrical. 5 
3. Another obſervation is, that electrical bodies require a poliſh, as 
well as attrition z and cho | doubt whether the rule be infallible, yet 
weaker electrics require to be as well wiped, as chafed; and even 
ood ones will have their operation promoted by the ſame means. 
For wiping, is a kind of attrition, and frees the ſurface from what 
might choak the pores of the amber, or hinder the efflux of its 
ſeams. 
4 It is likewiſe obſerved, that as tho magnetical ſteams are ſo ſub- 
tile, that they penetrate thro' all kinds of mediums hitherto known; 
electrical effluvia are, like thoſe of ſome odoriferous bodies, eaſily 
checked in their progreſs; ſince the interpoſition of the fineſt linen or 
ſarſnet, is ſufficient to hinder all the operation of excited amber up- 
an a ſtraw, or a feather, plac'd ever ſo little beyond it. 

5- It has been alſo obſerved, that the effects of electrical attraction 
are weakened, if the air be thick and cloudy; and eſpecially, if a 
ſouth wind blows; that electrics diſplay their virtue more faintly 
by night than by day, but more wigorouſly, in clear weather, and 
when the wind is nothertherly; and that thoſe bodies, which are but 
faintly drawn, when the weather is clear, will not be at all moved, 
when it is thick and cloudy. 

6. We have alſo obſerved, that ſeveral concretes, which are not-- 
ably. electrical, abound in a ſubtile matter, capable of being manifeſt- 
ly evaporated by heat, and rubbing. Thus, moſt refinous gums, which 

w light bodies, do alſo, being moderately ſollicited by heat, emit 
ſteams; pieces of ſulphur, upon due attrition, give a ſulpherous ſmell ; 
and the piece of amber, which. I moſt employ, and is ſomewhat 
large, and very well poliſhed, being rubb'd upon a piece of woollen. 

cloth, will emit fteams, manifeſtly ſcented of amber. 

J. It agrees very well with what we have faid of the corporeal- 
emanations of amber, that its attractive power will continue, after it 
has been once excited, For the attrition, having cauſed an inteſtine 
motion. in. its parts, the heat thereby excited ought not to ceaſe, as 
ſoon as ever the rubbing is-over, but. to continue capable of emit- 
ting effluvia for ſome time afterwards, longer or ſhorter, according to. 
the goodneſs of the electric, and the degree of the commotion made; 
all which, joyned together, may ſometimes make the effect conſi- 
derable: and by this means, on a warm day, I with a certain body, 
not bigger than a pea, but very 22 attractive, moved a ſteel nee- 
dle, freely poiſed, about three minutes after I had left off rubbing it. 


8. It ſeems not impoſſible, that electrical efluvia ſhould inſinu- 
ate themſelves into the pores of many other bodies, becauſe J have 
found them ſubtile enough to attract, not only ſpirit of wine, but 
that fluid, we call ſmoke. For, having well lighted a wax-taper, I 

the ſmoke aſcended, in a ſlender ſtream, 


blew out the flame, and when 
| held, 
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Held at a convenient diſtance from it, an excited piece of araber, or pursics. 
a chafed diamond, which would maniteſtly make the atcending ſmoke (Jy. 
turn out of its former line, and beat, as it were, againſt the electric; 
and this, if vigorous, would act at a conſiderable diſtance, and ſeem- 
to ſmoke for a tolerable while after. 

9. That this attraction depends not on any peculiar ſympathy be- 
tween an electric, and the body whereon it operates, ſeems the more 
probable, becauſe amber attracts not only one. determinate ſort of bo- - 
ies, as the load-ſtone iron, and thoſe bodies, wherein it abounds, . 
but draws indifferently all bodies whatſoever, placed at a due diſtance 
from it, provided they be minute or: light; But I am yet in ſu- 
ſpenſe as to its attraction of fire; for, having applied a ftsong electric, 
at a proper diftance, to ſmall fragments of -kindled matter, they were 
readily attracted, and ſhone, whilſt ſticking. to the body; but looking 
attentively _ them, I found. the ſhining ſparks to be cloathed : 
with light aſhes, which, in ſpite of my. care, had been already form- 
ed about the attracted corpuſcles, upon part of the fire's expiring ; to 
that it remained doubtful; whether. the kindled corpuſcles, whilſt to- 
tally ſuch, were attradted; or whether. the immediate objects of the 
attraction were not the new-formed. aſhes,. which carried up with them 
the unextinguiſhed parts of the fire, that chanced to be lodged in - 
them. But as for e, our Gilbert delivers it for his own experi- 


ment, that an- electric will not move the flame of the ſlendereſt can- 


dle. I have tryed it with a rough diamond, extraordinarily attractive; 
and was not ſatisſied that it attracted the flame, as it viſibly did 
the ſmoke. But tho' this ſhou'd prove an exception to the rule, yet it 
may well agree with my hypotheſis ; ſince the heat of the flame might 
diſſipate the efftuvia, by means whereof the attraction ſhould be pec- 
formed. The celerity alſo of the motion of the flame upwards, might 
m—_— it very difficult for the electrical effluvia, to divert it from its 
courſe. 

10. We have found, that a vigorous piece of amber will draw, not 
only the powder of amber, but larger tragments of it. And, as one 
contrary directs to another, ſo this trial ſuggeſted a farther ; which, 
in caſe of ſucceſs, would probably argue, that in electrical attraction, 
not only effuvia are emitted by the electrical body; tut that theſe efflu- - 
via ſaſten upon the body to be drawn, in ſuch a manner, that the 
intervening viſcous ſtrings, which may be ſuppoled made up of thoſe 
cohering effluvia, are, when their agitation: ceaſes, contracted, or made 
to ſhrink inwards toward both ends, almoſt as a highly-ftretched | 
lute-ſtring, when permitted to ſhrink into ſhorter dimenſions. Put 
the conjecture itſelf was much more eaſy to make, than the experi- 
ment requiſite to examine it. For we found it difficult to ſuſpend, 
excite and poiſe an electric, fo that the faint force, wherewith it at- 
tracts light ſubſtances, ſhould procure a motion to its whole body. 


Eut, after ſome fruitleſs attempts with other eledQrics, 1 had recourſe 
to 


Paygics.” ta very vigorous piece of poliſhed. amber; and when, we had, with 


. 
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the help of a little wax, ſuſpended it by a filken'trng, we very well 
chafed one of the blunt edges of it upon a kind of large pin-cuſhion, 


covered with a courſe black woollen ſtuff; and then brought the ele- 


Electricity pro- 
ducible by me- 
cbanical 
changes. 


ric, as ſoon as we could, to reſt, pendulous at the bottom of the 


ſtring. And thus, at length, we found, that if, as ſoon as the ſuſpend- 


ed electric was brought to ſettle freely, we applied to the chafed edge, 
but without touching it, the cuſhion, which, by reaſon of its rough 
ſuperficies and poroſity, was fit for the electrical effluvia to faſten up- 
on, the edge would manifeſtly be drawn aſide by the cuſtion ſteadily 
held: and if this was ſlowly removed, that would follow it a conſider- 


able way; and when this body., no longer detained it, twould re- 


turn to che poſture, wherein it had ſettled before. And this power 
of approaching the cuſhion, by virtue of the cperation - of its on 
ſteams, was ſo durable in our amber, that by once chafing it, I was 
able to make it follow the cuſhion no leſs than ten or eleven times. 
1. Other phenomena might be added of the fame tendency ; but, 
deſigning here to give only ſome experiments about the production of 
electricity, it will be ſufficient to relate how I have produced or de- 


ſtroy'd this quality in certain bodies, by means of alterations, which 


appeared to be no other than mechanical. And (1.) Having, with a 
very mild heat, ſlowly evaporated about a fourth part of good tur- 
pentine, I found, the remaining body would not, when cold, conti- 
nue a liquor, but it hardened into a tranſparent gum, almoſt like am- 


ber, and proved electrical. (2.) By mixing two ſuch liquid bodies, 


as Petroleum, and ſtrong ſpirit of nitre, in a certain proportion, and 


then diſtilling them, till there remained a dry maſs, I obtained a brit- 
tle ſubſtance, as black as jet; with its ſuperficies, where it was contigu- 


ous to the retort, gloſſy, as that mineral is when poliſhed: and I found 


it farther reſemble jet, in having an electrical faculty. (3.) Having 
burnt antimony to aſhes, and of thoſe aſhes, without any addition, 


made a tranſparent glaſs, I perceived it manifeſted, when rubbed, a 


conſiderable electricity. And this is the more remarkable, becauſe, as 
a Vitrum Antimonii, which is ſaid to be purer than ordinary, may be 


made of the regulus of the fame: mineral, in whoſe preparation a 


great part of the antimonial ſulphur: is ſeparated, - and left among 
the Scorie; ſo glaſs of antimony, made without addition, may eaſily 


be reduced to a regulus; a body not reckoned electrical. (4.) I made 


ſome glaſs of lead per ſe, which alſo was not deſtitute of an electri- 
cal virtue, tho? it had but a very languid one. And this glaſs might 


_ eaſily be brought again to afford malleable lead, which was never 


reckoned among electrical bodies. (5.) Having warily diſtilled amber, 
by itlelf, that I might have an unmixed Caput mortuum, and continued 
the operation, till it had aforded a large proportion of phlegm, ſpirit, 
volatile falt, and oil, we carefully broke the retort, and took out the 


remaining matter in a lump, which, tho' it had quite loſt its colour, 


being 
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being Burnt black, and tho? grown ſtrangely brittle; yet this Cut Purstcs. 

mortuum was ſo far from having loſt its electrical faculty, that it 
ſeemed to attrack more vigorouſly than amber itſelf, before it is com- 
mitted to diſtillation. And from the inſtances afforded by the glaſs 
of antitnony, we may learn, that when the form of a body ſeems to 
be deſtroyed by analyſis, which diſſipates the parts of it, the re- 
maining ſubſtance may yet be endowed with electricity. From 
the ſecond example, and from the common glaſs, which is electrical, 
we may alſo learn, that bodies, which are neither of them, a-part, 
endowed with electricity, may acquire that virtue in the compound 
ſubſtance, Which they conſtitute. | 

12. To theſę experiments, 1 ſhall add a ſurprizing ' phenomenon, 
which may help to make it probable, that electrical attractions need 
not be attributed to the ſubſtantial, or eſſential form of the attrahent; 
but may be the effects of unheeded, and fortuitous cauſes. That falſe 
locks of Hair, brought to a certain degree of dryneſs, will be attract- 
ed by tlle rd ſome perſons, 1 had proof in two beautiiul ladies 
who' wore them; for, at ſometimes, J obſerved; that they could not 
keep them from flying to their cheeks, and from ſtriking there, tho? 
neither of them had occaſion for, or did uſe paint. When one of theſe 
beauties firſt ſhewed me this experiment, I turned it to a comple- 
merit, füſpecting there might be ſome trick in it, tho" I afterwards 
ſaw-the ſame thing happen in the Tocks of the other too; who gave 
me leave to f. 85 my ſelf farther; and deſiring her to hold her 
warm Rand at a convenient diſtance from one of thoſe locks taken 
off, and placed in the free air, as ſoon as ſhe did this, the lower 
end of the lock, which was free, applied itſelf preſently to her hand. 
This feemed the more ſtrange, becauſe ſo great a multitude of hairs 
would” not hay been cafily attracted by an ordinary electrical body, 
which had got been, conſiderably large, or extraordinary vigorous. 
Aſterwards I ifiquired of ſome other young ladies, whether they had 
obſerved any ſuch thing; and one of them told me, ſhe had ſome- 
times met with theſe troubleſome locks ; but that all the could iy 
farther was, that they ſecmed to fly mole. to her cheeks, when they 
had been put into a ſtilł cucl, and when the weather was freſty, * 

f | 51020 17% | 13. Having 
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Mr. Stephen Gray, found by trial, | ſucceeded in pieces of ribband of ſeve. 
thit'd ſrather drawn thro! his ſingers ac? | ral colours, and half a yard long; fo 
quired' a degree of wleSeiry, ang would that the hand held at the Jower end of 
be” attrafte by the fin er When ; beta any of them, wou'd attract them at the 
near it; that'a human hair, after having | diſfance of five or ' fix inches Put if 
paſſed three or four times between his | they imbibed the moiſture of the air, 
finger and thumb, wou'd fly to his fin- | their elericiry wou'd be much weaken'd 
ger at the diſtance of half an inch; and | thereby; tho' in this caſe, the fire never 
that the hair of a dog's ear and threads of | failed to give them a firong one. In 
ſilk wou'd do the like, His trials alſo * ſhort, he found woollen, paper, — 
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13. Having moderately excited a large vigorous piece of amber, 1 


beld a downy feather 1o cloſe ſo it, that the neareſt part thereof was 


drawn by, and ftuck faſt to it; the remoter parts continuing in their 
former. poſture z then applying my finger to the erect downy part, 
it immediately left its poſture, and applied itſelf to my finger, as it 
that had been an electrical body. And whether I offered my nail, or 
the pulp of my finger thereto, or held it towards the right hand, the 
« lett, or directly over the hairs or feathers, which were near the little 
- quill, they ſuddainly, and for ought that appeared, equally turn'd 
towards them, and taſten'd themſelves thereto. And to ſhew, that 
the ſteams, which iſſued out of my finger, were not neceſſary to at- 
tratt thele hairs, I applied to them, atter the ſame manner, a little 
cylindrical inſtrument of ſilver, to which they bowed, and faſtened 
themſelves, as they had done to my finger; tho' the tip of this in- 
ſtrument was preſented to them in ſeveral poſtures. The like ſuc- 
cels I had with the end of an iron key, and alſo with a cold 
Piece of poliſhed black marble : and ſometimes the hairs ſo readily 
taſten d themſelves to theſe extraneous, and unexcited bodies, that 
I have been able to -make one of them draw the feather from the 
amber itſelf, But it is to be obſerved, that this unuſual attraction 
happened, only, whilſt the electrical operation of the excited amber 
continued ſtrong enough to ſuſtain the feathers. For afterwards, nei- 
ther the approach of my finger, nor that of the other bodies, would 
make them change their poſture ; yet as ſoon as ever the amber was 
excited again by a little friction, the feather would be diſpoſed to 
apply itſelf again to the bodies mentioned. And left there ſhould 
be any peculiarity in that particular feather, I made trials with others, 
and tound the experiment to anſwer in the ſame manner. I made the 
experiment alſo at different times, at ſome months interval, but till 
with the like ſucceſs. And farther, I found the like ſucceſs, when, 


in the place of amber, I ſubſtituted another electric, and particularly 


a {ſmooth 'maſs of melted brimſtone. 


© wood- ſhavings, parchment, and gold-bea- 
ters skin, to be electrical, and that they 
not only came to the hand, or zny other 
ſolid body, but attracted ſmall bodies to 
them, ſometimes at the diſtance of eight 
or ten inches. Some of theſe, alſo, ap- 
pear'd luminous upon friction. See Phi- 
leſ. Tranſ Ne. 366. p. 104. | 
The late Mr. Hauksbee, diſcover'd 2 
ſarprizing kind cf electricity in glaſs. 
A tube of that metal he found, wou'd, 


v hen rubbed, varieuſly attract pieces of | 


leaf. braſs at a conſiderable diſtance, and 


with greater force, the more the tube 
was heated by rubbing ; tho' this it did 
differently, according to the different 
remper and conſtitution of the air. He 
alſo found that the effect ceaſed, or was 
deſtroy'd, upon exhauſting the air out of 
the tube, but that it return'd, in a con- 


ſiderable degree, upon its re-admifſion, 
without any new attrition. Hewkvbee's 
Experiments, p. 53. 


I alſo 
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J alſo found, that a vigorous piece of amber, which J cauſed to be Puysics, 


weather, manifeſtly retain the power of attracting for ſeveral minutes; 
and it has ſtirr'd a poiſed needle, a quarter of an hour after it had 
been chafed. This piece of amber, being firſt well rubb'd, we ſuſpend- 
ed over a ſtraw, a feather, or other light body in a glaſs receiver, and 
preſently exhauſting the glaſs of air, we let down the amber till ir 
came very near the ſtraw or feather, and perceived, in ſome trials, 
that upon the leaſt contact it wou'd raiſe them up, and in others, 
without touching, attract them. | 
14. But the event of electrical experiments is not always ſo certain, 
as that of many others; being ſometimes much varied by ſeemingly 
flight circumſtances, and now and then by ſome, which are altoge- 
ther over-looked. And it is not ſo certain, as many think, whether 
ſome particular bodies be, or be not electrical. For Kircher reckons 
cryſtal among thoſe gems, that have not the attractive power, we are 
ſpeaking of; yet I remember not, among all the trials J have made with 
native cryſtal, to have found any piece deſtitute of it. A late writer, 
alſo, reciting the electrics, reckoned up by Gilbert, and increaſing the 
number with ſome obſerved by himſelf, denies electricity to the co 
nelian, and the emerald. I the leſs wonder he ſhould do it to the 
former, becauſe I have my ſelf in vain tryed to make any attraction 
with a piece of cornelian, ſo large and ſo fair, that it was kept for 
a rarity z yet with ſeveral other fine cornelians, I have been able to 
attract, very manifeſtly, ſome light bodies: and I uſually wear a cor- 
nelian, which its richly endowed with electricity. And as for eme- 
ralds, I have, indeed, fem a ſtone, which, tho' green, had a vigorous 
electricity: this, however, was not a true emerald, but, which is rare, a 
green ſapphire: and I learned of the jeweller, who cut it, that it was 
ſo far from having the ſoftneſs of an emerald, that he found it even 
harder than a blue ſapphire. Without, therefore, concluding any thing 
from this experiment, except, that the want of an electrical faculty 


might be thought a concomitant, rather of the peculiar texture of 


the emerald, than of its green colour, I proceeded to make trial with 
three or four true emeralds, and found them all ſomewhat, tho' not 
equally, electrical: and tho' by this ſucceſs, I could not gain a new 
way to judge of true and falſe emeralds, yet the rule I hoped to have 
clabliſh'd in theſe, may be of uſe in eſtimating, whether diamonds 
be genuine or counterfeit. For tho” glaſs hath a faint electricity, that 
of diamonds is exceeding vigorous. And I do not remeraber to have 
met with any electric of the ſame bulk, more vigorous, than a rough 
diamond 1 have. But as it has been obſerved, that diamonds attract 
better whilſt rough, than aſter they are cut and poliſhed ; this ſeems 
to contradick what we ſaid of other elettrics, that they attract more 
vigorouſly, if the ſuriace be made very ſmooth, than otherwiſe : but 

Vor. I. Vu u the 


purpoſely turn d, and poliſh d for electric experiments, wou'd, in warm Ay 


Paysics. the great rapidity, with which the wheels that ſerve to cut and po- 
bin diamonds muſt be moved, excites a great degree of heat in 
8 the ſtone; whereby, perhaps, it loſes its exhalable matter ſo plenti- 
fully, as to impoveriſh it: and, perhaps, alſo, ſome little change may 
be hereby made in its texture, which indiſpoſes it to emit ſuch efflu- 
via, as are the inſtruments of electrical attraction. But as I willingly 
leave the matter of fact to farther trial; ſo I do the cauſe of it, in 

caſe that proyes true, to farther inquiry. 
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Paysics. 


heterogeneous liquor, as makes the parts of it ſubſide in the whos. 


form of a powder, or other conſiſtent body. And as chymiſts 
call the ſubſtance, which thus falls to the bottom of the liquor, 
precipitate; ſo we ſhall term the body, put into the liquor, the 
precipitant ; that which is to be ſtruck down, the precipitable ſub- 
ſtance or matter; and the liquor, wherein it ſwims before the ſepa- 
ration, the menftruum or ſolvent. When the fall of a body is pro- 
cured by a precipitant, the operation is called precipitation, in the 
proper or ſtrict ſenſe : but when the ſeparation is made without any 
ſuch addition, or when the ſubſtance ſeparated from the fluid part 
of the liquor emerges, inſtead of ſubſiding, then the word is uſed in 
a more comprehenſive, but leſs proper ſenſe. 


B V precipitation, I here mean ſuch an agitation, or motion of an precipitation, 


The very name of precipitation having, in its chymical ſenſe, been , cauſe en- 
ſcarce heard of in the peripatetic ſchools, it is not to be expected, quired into. 


that they ſhould have given us the reaſons of the thing. And it is 
likely, that thoſe few Ariſtorelians, who have taken notice of this ope- 
ration, would, according to their cuſtom on ſuch occaſions, have re- 
courſe to ſome ſecret ſympathy or antipathy between the bodies, 
whoſe action and re- action appears in this proceſs. And thus ſome 
chymiſts aſcribe precipitation, either to a ſympathy betwixt the pre- 
cipitating body and the menſtruum, which makes the ſolvent run to 
the gnbraces of the precipitant, and fo let fall the particles of the 


body ſuſtained before; or to a great contrariety between the acid 
{alt of the menſtruum, and the fixed ſalt of the oil, or ſolution of 
calcined tartar, which is the moſt uſual precipitant they employ. But 
I ſee not how either of theſe cauſes will reach to all the phenomena 

Uun 2 exhibited, 


PRECIPITATION: 


Parsics. Exhibited, or give a true account of ſame of thoſe, to which it ſeems 
A applicable. For firſt, in precipitations, wherein, what they call a ſym. 
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pathy between the liquors, is ſuppoſed to produce the effect; this 
{ympathy, does not ſhew. ſuch an occult quality as is preſumed, but 
rather conſiſts in a greater correſpondence, as to bignels, ſhape, mo. 
tion, and pores of the minute parts, between the menſtruum and the 
precipitant, than between the ſame ſolvent, and the body it before kept 
diſſolved. And tho” this ſympathy, rightly explained, may be allow. 
ed to have an intereſt in ſome ſuch precipitations, as let tall the it. 
ſolved body in its priftine nature and form, only reduced to minute 

owder ; yet in the generality. of precipitations, this doctrine will ſcarce 
hold for in ſome that we have made of gold and filver, in proper 
menſtruums, after the ſubſiding matter had been well waſhed and 
dried; I found the powder to exceed the weight of the gold and fil. 
ver put to diſſolve : and the eye itlelf ſufficiently diſcovers ſuch pre- 
cipitates not to be mere metalline powders, but compoſitions, conſiſt- 
ing not of the combined ſalts alone, but of the metalline parts alſo; 
as may be concluded from the ponderoſity of ſeveral of them in re- 
ſpe& to their bulk, and from their reduction to true malleable me- 
tals. 

The other chymical way of explaining precipitations, may, in a pro- 
per ſenſe, be uſed on ſome particular occaſions ; but I think it much 
too narrow, and defective, in general. For firſt, it is plain, that not 
only ſalt of tartar, .and other fixed alkalies, precipitate moſt bodies, 
which are diſſolved in acid menſtruums; as in making of Aurum ful- 
minant, oi! of tartar ſtrikes down the gold out of Aqua regis; but 
acid liquors themſelves, in many caſes no leſs rfully precipitate 
metals, and other bodies out of one another. Thus ſpirit of ſalt pre- 
cipitates filver out of Aqua fortis; the corrofive ſpirit of nitre plen- 
tifully precipitates that white powder, whereof Bezoardicum minerale is 
made; and ſpirit, or oil of ſulphur precipitates corals, pearls, &c. diſſolv- 
ed in ſpirit of vinegar. And I have ſometimes made a menftruum, where- 
in, tho' there were both acid and alcalizate ſalts, yet I did not find, 
that either acid ſpirits, or oil of tartar, or even ſpirit of urine, would 
precipitate the diſſolved ſubſtances. And I have obſerved, both that 
ſalts of a contrary nature will precipitate bodies out of the ſame men- 
ſtruum; as not only ſalt of tartar, but ſea-ſalt, being diſſolved, will 
precipitate each other; and each of them apart precipitate filver out 
of Aqua fortis; and that, even where there is a confeſſed contrariety 
betwixt two liquors, it may be ſo ordered, that neither ſhall preci- 
pitate what is diſſolved by the other. 

But it will the better appear, that theſe chymical hypotheſes are 
inſufficient to ſolve the phenomena, if we proceed to obſerve the me- 


accounting for chanical ways, by which precipitations may be accounted for. To 


8 precipitate, then, the corpuſcles of a metal out of a menſtruum, the 


two 


_ 
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two, general ways are, either to add to the weight or bulk of the 
diſſolved particles, and thereby render them unfit to accompany thoſe 
of the menſtruum in their motions ; or to weaken the {ſuſtaining pow- 
er of the menſtruum, and thereby dilable it to keep the metalline par- 
ticles ſwimming any longer: and this fall of the deſerted metalline 

rts oſten enſues the more caſily, when the ſuſtaining particles of 
the menſtruum come to be too much weakened ; that proving an oc- 
caſion to them, diſturbed in the former motion, which kept them ſe- 
parate, to make occurſions, and coalitions among themlelves, whence 
their ſinking becomes the effect, of both ways ot precipitation; as, on- 
the other ſide, there are ſeveral occaſions, on which the ſame preci- 
pitant, that brings the ſwimming particles of the metal to ſtick to 
one another, likewile, by mortitfy ing or diſabling the ſaline ſpirits, or 
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other parts of the ſolvent, weakens the ſuſtaining power of that li- 


uor. 
, To conſider theſe two ways diſtinctly. The firſt more general cauſe 
of precipitation ariſes from ſuch a cohefion procured by the precipi- 
tant in the ſolution, as renders the compounded corpuſcles too heavy 
to be ſuſtained. That, in many precipitations, a coalition is made be- 
twixt the ſmall parts of the precipitant, and thoſe of the diffolved 
metal, appears by the weight of the precipitate, which, tho” carefully 
waſhed and dryed, often exceeds that of the diffolved metal: for, it, 
having diſſolved ſilver in good Agua fortis, you precipitate it with 
the ſolution of ſea- alt, in fair water, and from the very white pre- 
cipitate waſh the. ſalts; the remaining powder, being dryed, and flow- 
ly melted, will look much leſs like a metalline body, than a piece of 
horn, whence it takes its name of Luna cornea : ſo conſiderable is the 
addition of the ſaline to the metalline particles. And, that part of 


| ſuch additions is retained, in many caſes, appears to the eye; for if you 


A ie in Aqua fortis, and into the filtred ſolution drop 1pi- 
rit of ſalt, ſalt-water, or an urinous ſpirit, you will have a very white 
precipitate; but if, inſtead of any of theſe, you drop in oil of tartar 
fer deliquium, the precipitate will be of a brick, or orange colour, 
From which experiment, and ſome others, I would gladly perſuade 
phyſicians, that it is not indifferent, by what means the precipita- 
tion is performed. For, by reaſon of the ſtrict adheſion of many ſa- 
line particles of the precipitant and the ſolvent, the precipitated bo- 
dy, notwithſtanding all the uſual ablutions, may have its qualities 
much diverſified by thoſe of the particles of the liquors, when fitted 
to ſtick very faſt to it. And hence there muſt happen a great dit- 
ference between precipitations; as any one will think, who precipi- 
tates the ſolution of ſilver with copper, with ſpirit of ſal-armoniac, falt- 
water, oil of tartar, quick-fiIrer, crude tartar, and with Zink. And 
in the preceding examples, it is not all one, whether, to diſſolve 


mercury or filver, you employ the ſubtile diſtilled ſpirits of ſalt, 4 
the 


From the *** | 
vity and bulk 7 
7 the diſſoly'd | 

ody. | 
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LAND 


- ſink, or ſwim in a liquor, appears by obvious - inſtances. * Thus falt, 
or ſugar, being put into water, falls at firſt to the bottom, and lies 
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mon water. 


That, alſo, the bulk of a body may greatly contribute to make it 


there, notwithſtanding the air, that may be intercepted between its 
parts. But when, by the action of the water, it is diſſolved into mi- 
nute particles, theſe are carried up and down with thoſe of the li- 


quor, and ſubſide not. The like happens, when a piece of ſilver is 


caſt into Agua fortis, and in many other cafes. On the other fide, l 
have obſerved, ſome bodies, that had long ſwam in a menſtruum, 
whilſt their minute parts were kept from uniting in it, wou'd, af- 


terwards, by the coalition of many of thoſe particles into bodies of 


a viſible bulk, coagulate and ſubſide. Thus, particularly, in urinous 


. -Jpirits, well dephlegmed, after they had, for a conſiderable time, con- 
tinued in the form of a perfect liquor, numerous ſolid cor puſcles, 
joining together, ſettled at the bottom of the glaſſes, in the form of 
faline cryſtals. Having, alſo, long kept a very red ſolution of ſul- 
a Phurz made with highly rectified ſpirit of urme; I obſerved, that, at 


ength, the ſulphure6us particles, forming into little concretions, to- 
tally ſubſided, .and left the liquor almoſt colourleſs. And hence it 


appears proper to mention, among the ſubordinate cauſes of precipi- 


tation, the aſſoclation of the particles of a diſſolved body with one 
another. If in what the chymiſts call precipitate per ſe, the mercury 


be indeed brought to loſe its fluidity, and become a powder, uncom- 


pounded with any additional body, it will afford us a notable in- 


Nance to prove, that the coalitions of particles into cluſters of the 


fame matter, will render them unfit for the motion requiſite to flui- 


. dity. For this odd precipitation by fire, wherein the ſame menſtru- 
um is both the liquor, and the n nes being not all made at 


once, the corpuſcles, which firſt diſcloſe themſelves by their redneſs, 

are rejected by thoſe of the mercury, that yet remains fluid, as un- 

Able to accompany them, in the motions that belong to mercury. 
And perhaps in ſeveral caſes, the corpuſcles of a diſſolved body 


may become unfit to be any longer ſuſtained in the menſtruum, tho? 


the precipitant adds very little to their bulk; or at leaſt much more 
to their ſpecific gravity, than to that. For in many ſolutions made 
of bodies by acid menſtruums, there are either generated, or extri- 
cated many {mall aerial particles; and it will be eaſily granted, that 
theſe may be ſmall enough to be detained in the pores of the liquor, 
and remain inviſible there, conſidering what a multitude of aerial, im- 
perceptible bubbles is afforded by common water, in our exhauſted 


receivers. And if the corpuſcles of the diſſolved body, have any lit- 
tle cavities fit to lodge aerial particles; theſe inviſible bubbles may 
make, with the ſolid corpuſctes they adhere to, little aggregates, 


much 
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ſiting of the corpuſcles of the diſſolved body, and the particles of 


the precipitant: and theſe aggregates, tho' they polieſs perhaps more 
room, than thoſe, whereof the aerial bubbles made a-part, will yet 
be. ſpecifically heavier than the former; whereby they may overcome 


the ſuſtaining F 20+ of the menſtruum. And tarther, it is upon ac- 
count of the ſpecific gravity of a body, and not barely of the acti- 


on of the. precipitant, that an aggregate of particles rather falls to 
the bottom, than riſes to the top. For tho' the agents, that pro- 


cured the coalition, render the cluſter of particles of two unweildy a 


bulk to continue in the liquor, as parts of it; yet if each of them 
be lighter in ſpecie than an equal bulk of the menſtruum; or if they 


ſo unite, as to intercept a ſufficient number of aerial bubbles between 


them, and ſo become lighter than as much of the menſtruum, as 


they take up the room of, they will not be precipitated, but emerge; 
as may be ſeen in the preparation of chole magiſteries of vegeta- 
bles, where ſome high coloured plants being made deeply to tinge 
the lixivium, wherein they are boiled, are afterwards, by the additi- 


on of alum, curdl'd, as it were, into coloured concretions, which be- 


ing too large to ſwim, as they did before they united, and too light, 


in compariſon of the menſtruum to ſubſide, mount to the top, and 


float there. An eaſier 0 and more pertinent to this purpoſe, is 
afforded by diſſolving camphire in highly rectified ſpirit of wine, till 
the ſolution is very ſtrong. For tho' the camphire, when put, by 
lumps, into the ſpirit, ſunk to the bottom of it, yet when a large quan- 
tity of water, (which is heavier in ſpecie than the gum) was poured 
upon the ſolution, the camphire quickly concreted, and returned to 


its own nature, and ſoon after emerged and floated on the top of the 
mixed liquors. Theſe particulars I mention, as inſtances of precipita-- 


tion, improperly ſo called. But, I muſt here take notice of a phenome- 


non, which ſometimes occurs in precipitations, and may at firſt ſight 


ſeem contrary to our doctrine. For it now and then happens, that after 
ſome drops of the precipitant have begun a precipitation, if the veſ- 
ſel be ſhook, the matter already precipitated diſappears, and the ſol- 
vent again becomes clear, as before the precipitant was put mto it. 
But this phenomenon doth not contradi& our theory. For, when this 
happens, tho that part of the ſolvent, to which the precipitant reaches, 
is made unable to ſupport the diſſolved body; yet this quantity of 
the precipitant is but ſmall, in proportion to the whole bulk of the 
ſolvent. And, therefore, when the agitation of the veſſel diſperſes the 
cluſters of particles looſely concreted, thro” the whole liquor; that 


greater part, to which the. precipitant did not reach before, may —_— 
coke 


5139. 


much lighter in ſpecie than the corpuſcles themſelves ; and conſe- Pursics. 

quently, it the precipitant conſiſt of particles, of ſuch a ſize ant ſhape, . 

as are fit to expel thele little bubbles, and lodge themſelves in the 

cavities pay betore poſſelied, new aggregates will be produced, ccn- * 
e 


] 
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bpursics. locke d upon as a freſh menſtruum, which is able to mortify or over- 
power the ſmall quantity of the precipitant, mingled with it, and ſo 


From weakens 


to deſtroy its late operation on the body diffolved ; by which means 
che ſolution returns to its former ſtate. Thus, precipitating a brick- 
coloured powder out of a ſtrong ſolution of ſublimate, made in fair 
water; the ſubſiding -matter being laid to dry in the filtre, by which 
it was ſeparated from the water, would retain a deep, but ſomewhat 
dirty colour; and if, putting it into the bottom of a wine-glaſs, | 
poured upon it, either clear oil of vitriol, or ſome other ftrong acid 
menſtruum, the alcalizate particles being diſabled, and ſwallowed up 
by ſome of the. acid ones of the menſtruum ; 'the other acid ones 
would ſo readily diſſolve the remainder of the powder, that immedi- 
ately the colour of it vaniſh'd, and the whole mixture appear'd a 
clear liquor, without any ſediment. 

The other of the two principal ways, wherein precipitations may 
be effected, is by diſabling the ſolvent to ſuſtain the ditiolved body, 
There are many inſtances, wherein this may conſpire with the firſt way 
propoſed : but, notwithſtanding nature may ſometimes employ them 
both together; yet in ſome caſes they ſufficiently differ. For, m the 
former, the fall of the diſſolved body is chiefly cauſed by the addi- 
tional weight, as well as the action of the external precipitant ; but 
in moſt inſtances of the latter, the effect is produced, either without 
falt of tartar, or any ſuch precipitant; or by ſome other ie of 
the precipitant, more than by its weight, or at leaſt, beſides the weight 
it adds. This premiſed, I obſerve, that the general way laſt propoſed, 
contains ſeveral ſubordinate ways, which are more particular. And 
firſt, a precipitation may be made, if the faline, or other diſſolving 
particles of the menſtruum are rendred unfit for their former fundcti- 
on, by particles of a precipitant, of a contrary nature. Thus gold, 
and ſome other minerals, being diſſolved in Aqua regis, will be preci- 
pitated with ſpirit of urine, and other ſuch liquors, abounding with 
volatile, and falino-ſulphureous corpuſcles, whereby they act; whence 
theſe ſalts themſelves, tho? caſt into a menſtruum in a dry form, will 
make the like precipitations: yet the volatile particles of urinons ſpirits, 
add much leis: weight than falt of tartar, to the little concretions, 
which compoſe the precipitated powder. Upon inſtances of this kind, 
chymiſts have built that antipathy betwixt the ſalts of the ſolvent, 
and thoſe of the menſtruum, to which they aſcribe almoſt all preci- 
pitations. In anſwer to which, farther than what has been already 
offer'd, I fay, firſt, that ſeme of thoſe menſtruums, to which the an- 
t'pathy is attributed, do, after a ſhort commcticn, friendly unite into 
ccncretions participating of both the ingredients. To ſhew this, IJ have 
dropt a clear ſolution of fixed n'tre, i ſtead of the uſual one of common 
{:It, upon a ſoluticn of ſilver in Agua ſortis; when, the faline particles 
of the ſolvent, and thoſe of the precip'tant will, for the meſt part, 

y 
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% form themſelves into ſuch cryſtals of nitre, as they were obtained 
trom. But were this notion of the chymiſts true, it ought to be ex- 
plained by mechanical principles. For, if the particles of the men- 
ſtruum, and thoſe of the precipitant, be ſo framed, that by the action 
of the one upon the other, there will be produced corpuſcles, too 
big and unweildy to continue in the ſtate ot fluidity, a precipitation 
muſt enſue : but if the conſtitution of the corpuſcles of the precipi- 
tating, and of the diſſolved body, be ſuch, that the precipitant, alſo, 
itſelf, is a fit menſtruum to diſſolve that body; then, tho' there be 
an union of the ſalts of the precipitant, and the metal, and perhaps 
of the ſolvent too, yet a precipitation will not neceſſarily follow; tho? 
the ſaline particles of the two liquors ſeemed, by the heat and ebul- 
lition excited between them upon their meeting, to ſhew a great and 
mutual antipathy. To be ſatisfy'd in this particular, I diſſolved zink 
in an urinous ſpirit, and then put to it a convenient quantity of a 
proper acid ſpirit ; but tho' a manifeft conflict hence aroſe, yet the 
Zink remain'd difſolved in the mixture. And for an eaſter experiment 
to the ſame purpoſe, I diſſolved copper, calcined per ſe, or even crude, 
in ſtrong ſpirit of ſalt; and having gradually put to it a large quan- 
tity of ſpirit of ſal-armoniac, or fermented urine; tho' there was a 
great commotion raiſed, with hiſſing and bubbles, the copper would 
not precipitate; becauſe this urinous ſpirit will, as well as the ſalt, diſ- 
ſolve the ſame metal; and it continued diſſolved, notwithſtanding their 
operation on one another; which operation, as well as their action up- 
on the metalline corpuſcles, appears from hence, that the green ſolu- 
tion, made with ſpirit of ſalt alone, will, by the addition of urinous 
ſpirits, be changed either into a bluiſh green; or, if the proportion 
of this ſpirit be very great, into a rich blue, almoft like ultramarine. 
And from theſe two experiments, we may probably argue, that 
when the precipitation of a metal, &c. enſnes, it is not barely on ac- 
count of the ſuppoſed antipathy betwixt the ſalts; but becauſe the 
cauſes of that ſeeming antipathy do hkewiſe, upon a mechanical ac- 
count, diſpoſe the corpuſcles of the blended liquors to cohere, ſo as 
to be too unweildy for the fluid part. | 
Another way, whereby the diſſolving particles of a menſtruum may 
be rendred unfit to fuſtain the diſſolved body, is, to preſent them ano- 
ther, on which they can more eafily work. A notable example of 
this we have in the common practice of the refiners, who, to reco- 
ver the filver out of lace, and other ſuch mixtures, diſſolve it in 
Aqua fortis, and then in the ſolution leave copper-plates for a night. 
But to make the experiment with expedition; as ſoon as I have dil- 
tolved a convenient quantity of ſilver in Aqua fortis, I add twenty 
times as much of diſtilled, or rain-water; and then in the clear ſo- 
lution, hang, by a ſtring a clean piece of copper, which will be / 
icntly covered with little ſhining flakes, almoſt like the ſcales of fiſh ; 
Vo I. I. | ++ and 
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pursics. and theſe we can eaſily ſhake off, to make room for more. This may 
LAYR, alfo illuſtrate what we formerly ſaid, as to the ſubſiding of metalline 
corpuſcles, when they unite in liquors, wherein, whilſt diſperſed in 

very minute parts, they ſwam freely. For here the little ſcales of 

filver ſeemed' to be purely metalline, and there is no faline precipi- 

tant, as falt of tartar, or of urine employed to make them ſubſide. 

Upon the ſame ground, gold and ſilver, diſſolved in their proper men- 

ſteuums, may be precipitated with running mercury; and if a ſolu- 

tion of blue vitriol be made in water, a clean plate of ſteel or iron 

being immerſed in it, will preſently be over- laid with a very thin caſe 

of copper, which after a time grows thicker; but does not adhere to 

the iron ſo looſely, as to be ſhaken off, as the precipitated ſilver may 

be from the copper- plates. And that in theſe operations, the ſaline 

particles may really quit the diſſolved body, and work upon the pre- 

cipitant, appears by the practice of the refiners lately mentioned; 

where the Aqua fortis, which forſakes the particles of the ſilver, falls 

to work upon the copper- plates employed about the precipitation, and 

diſſolves ſo much of them, as to acquire the n blue colour of 

a good ſolution of that metal. And the copper we can eaſily again 

obtain, without ſalts, by precipitation, out of that liquor with iron; 

and that too, remaining diſſolved in its place, we can precipitate with 

the taſtleſs powder of another mineral. Befides theſe two ways of 

weakening 'the menſtruum, a third is, by leffening or diſturbing the 

agitation of the ſolvent. And, indeed, ſince we find by experience, 

| that ſome liquors, when they are heated, will either diſſolve ſome bo- 
dies, they would not touch when cold, or diſſolve them more pow- 
erfully when hot than cold; it is probable, that what conſiderably 
leſſens ſuch an agitation” of the parts of the menſtruum, as is 
neceſſary to keep the diffolved body in a ftate of tiuidity, ſhould 
occaſion it again to fall to the bottom. 1 could give ſeveral exam- 
ples of the precipitating power of cold in flow operations ; for there 
are ſeveral ſolutions, and particularly that of amber-greaſe, which re- 
maining fluid all the ſummer, will ſubſide in the winter. And the like 
may be ſometimes much ſooner obſerved in the ſolutions of ſulphur, 
| made in certain oleaginous menſtruums; and I have now and then 
; | had ſome ſolutions, and particularly one of benzoin, made in ſpi- 
| rit of wine, which ſurprized me with the turbidneſs they would ac- 
quire, upon a ſuddain change of weather to cold, tho? it were not 

in the winter ſeaſon. Another way of weakening the menftruum is, 

by diluting or leſſening its tenacity.. Of this we have an inftance in 

e magiſteries of jalap, benzoin, and of ſeveral other reſmous and 

gummy. bodies, diſſolved in ſpirit of wine. For by the affaſion of 

common water, the menſtruum being too much diluted, is not able 

to keep thoſe particles in the ſtate of fluidity, but muſt ſuffer them 

to ſubſide, or make ſome parts emerge. Examples, alſo, of this kind, 

; | are 


tisfactorily in ſolutions of copper, made in the urinous ſpirit of ſal- 
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fre afforded us by the common preparation of Mercurius Vita. For, Pnrscs. 
tho? in oil of antimony, made by rettifying its butter, the ſaline par- 
ticles are ſo numerous, and keep ſo cloſe to one another, as to be | 
able to ſuſtain the antimonial corpuſcles they carried over with them 
in diſtillation, and retain them, with themſelves, in the form of a li- 
quor; yet when by the plentiful affuſion of water, thoſe ſuſtain- 
ing particles are ſeparated, and removed to a diſtance from each other ; 
the antimonial corpuſcles, and the mercurial, if any ſuch there were, 
being of a ponderous nature, will eaſily ſubſide into that emetic pow- 
der, which when waſh'd, is called Mercurius Vite. 

But here, to ſhew how much precipitations depend upon the me- 
chanical textures of bodies; tho' not only in the laſt examples, but 
in many others, the affuſion of water, by diluting the ſalts and wea- 
kening the menſtruum, makes the metal, or other diſſolved body fall 
to the bottom; yet if the ſaline particles of the ſolvent, and thoſe 
of the body be fitted for ſo ſtrict an union, that the corpuſcles re- 
ſulting from their coalitions, will not ſo eafily be ſeparated by the 
particles of water, as ſuffer themſelves to be carried up and down 
with them ; they will not be precipitated out of the weakened ſolu- 
tion, but ſtill continue a part of it; as I have tried with ſome ſolu- 
tion of filver and gold, made in acid menſtruums; but much more ſa- 


armoniac. For tho' that blue ſolution were diluted with many thou- 
ſand times the weight of the diſſolved metal; yet its ſwimming cor- 
puſcles appear d, by their colour, to be manifeſtly diſperſed thro? the 

whole liquor, | 
Another way whereby precipitations of bodies may be produced, 
by weakening the menſtruum, is to leſſen the proportion of the ſol- 
vent to the diffolved ſubſtance, without evaporation. Now, conſider- 
ing, that water will not diffolve ſalts indefinitely, but when it has 
received its due proportion, diſſolve no more, and if they be put in- 
to it, let them fall to the bottom, and continue undiffolved ; and 
that if, when water is thus ſatiated, any of the liquor be evaporated, or 
otherwiſe waſted, it will, in 3 let fall the ſalt it had alrea- 
dy taken up; I concluded, that if J could add to water, any liquor, 
with. which its particles would more readily aſſociate than with thoſe 
of ſalt, the depriving the ſolution of ſo many of its aqueous parti- 
cles, wonld be equivalent to the evaporation of about as much wa- 
ter, as they, by being united, could compole. Wherefore, making a 
lixivium-of diſtilled water, or clean -rain-water, and of ſalt of tartar, 
ſo ſtrong, that, if a grain more were added, it would lye undiſ- 
ſolved at the bottom; I put a quantity of this lixivium into a flen- 
der cylindrical veſſel, till it had therein reached to a. proper 
height; then taking a ſufficient quantity of moſt pure ſpirit of wine, 
1 poured it upon the ſaline ſolution, and ſhaking the liquors well to- 
XXX 2 gether, 
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Pars1cs. gether, to bring them to mix, I laid the tube in a quiet place; and 
D afterwards found, that there was a conſiderable 211 of white ſalt 


of tartar fallen to the bottom of the veſſel; which ſalt had been mere- 
ly forſaken by the aqueous particles, that ſuſtained it before, to paſs 
into the ſpirit of wine, wherewith they were more diſpoſed to aſſoci- 
ate. This I. concluded, becauſe» having, before I poured on the ſpi- 
rit, made a mark on the glaſs, to ſhew how far the lixivium reach. 
ed, I found, that after the precipitation, the lixivium, which remain- 
ed yet ſtrong enough to continue unmixed with the incumbent ſpi- 
rit, was ſunk with its ſurface, conſiderably below the mark; the 12 
rit of wine having gained in extent, what it loſt in ſtrength by re- 
ceiving ſo many aqueous particles into it. I alſo made the like trial 
with dephlegmed ſpirit of wine, and as ſtrong a brine, as I could 
procure from common ſalt diſſolved without heat, in water; whereby 
I obtamed a conſiderable: proportion of finely-figured ſalt, which was 
let fall to the bottom. But this experiment, to be ſucceſsful, requires 
greater care than the former. To confirm, and vary this way of pre- 
cipitation, I made a clear ſolution of you arabic in common water, 
and poured upon ir a little high rectified ſpirit of wine, whereby there 
was made a large precipitation of a light, and purely white ſubftance. 
And for farther confirmation, 1 diſſolved a fulf proportion of myrrh 
in fair water, and into the filtred ſolution, which was tranſparent, 
but of an high-brown colour, dropped a large proportion of dephlegm- 
ed ſpirit of wine, which made a great precipitation of the gum. Theſe 
inſtances ſeem to ſhew, that: ſtmple water is a real menſtruum, which 
may have its diſſolving, and ſuſtaining virtue, weakened by the addi- 
dition of liquors, much ftronger than it. * 

. By- inſiſting upon theſe ſeveral ways, whereby precipitations may 
be mechanically performed and accounted for, I would not be thought 
to deny, that there are any omitted. Theſe were only the chief which 


* Sir Iſasc Newton ſpeaks thus of pre» | lets go the copper; or a ſolution of 
cipitation. © When oil of tartar per de- | © ſilver diſſolves copper, and lets go the 
liquium,” ſays he, being poured into the | © ſilver; or a ſolution of merc in 
* ſolution of any metal, precipitates the | ** Aque firtis being 122 upon iron, 
„ metal, and makes it fall down to the | © copper, tin, or lead, diſſolves the me- 
{© bottom of the liquor in form of mud; | © tal, and lets go the mercury; does not 
« does not this argue, that the acid par- | this argue, that the acid particles of 
* ricles are attracted more ſtrongly by. | the Aqua fortir are attracted more 
the falt of tartar, than by the metal; ſtrongly by the Lapis Calaminars, than 


nand by the ſtronger attraction go from by iron, and more — by iron 


ongly by 
* ſo when 2 ſolution of iron in Aqua | copper than by ſilver, and more ſtrong- 
« fortis, diſſolves the Lapis Calaminariz, ly by iron, copper, tin, and lead, than 
and Tets go the iron; oa ſolution of | by mercury?” Newton, Optic. p. 355, 


copper es iron immerſed in it, and. I 356. 


the metal to the ſalt of tartar? And | than by copper, and more 


al 
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1 at preſent occur d. And I ſhou'd be glad to have the ſubject conſider d Puxsics. 
| as it deſerves; for the doctrine and hiſtory of precipitations, well de- 
"I livered, will be a thing of more extent and moment, than ſeems hi- | 
G therto to have been imagined ; ſince, not only ſeveral of the morbific 
changes. in the blood, and other fluids of the human body, may 
thereby be the better underſtood, and prevented; but, alſo, in the 
practical part of mineralogy, many uſeful things may, probably, be 
performed by means of ſuch a dodrine and hiſtory. 
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MECHANICAL ORIGIN 
Rn” on 
Corroſiveneſs and Corroſibility. 
2% n T T Do not here deſign to treat of corroſiveneſs, in their ſtrict ſenſe 


of the word, who aſcribe this quality only to liquors, which are 
conſiderably acid, or ſour, as Aqua fortis, ſpirit of ſalt, vinegar, 
juice of lemmons, ec. but in a greater latitude, ſo as to make it al- 
moſt equivalent to the diſſolving power of liquors : and in this ſenſe, 
the properties which ſeem meſt proper to render a liquor corroſive, 
are all of them mechanical. 

And firſt, tis requiſite, that a corroſive menſtruum, ſhou'd abound 
with corpuſcles not too big to get in at the pores of the body to te 
diſſolved, nor yet ſo minute, as to paſs thro them; as the rays of 

light thro* glaſs; or be unable, by reaſon of their great ſlender- 

neſs and” flexibility, to disjoyn the parts they invade. Secondly, that 
| "theſe corpuſcles be of a ſhape fit to infinuate themſelves into the 
s - pores above-mentioned, in order to diſſociate the ſolid parts. Third- 
ly, that they have a competent degree of ſolidity to disjoyn the par- 
ticles of the body to be diſſolved; which ſolidity of ſolvent particles 
is ſomewhat diſtin& from their bulk, as may appear by comparing a 
"ſtalk of wheat, and a metalline wire of the ſame diameter. Fourth- 
Iy, that the corpuſcles of the menſtruum, be ſuch as are fit to ſepa- 
rate the parts of the invaded body, either by their ſhape, minuteneſs, 
or fitneſs to have their action befriended by aſſiſting cauſes; ſuch as, 
firſt, the preſſure of the atmoſphere, which may impel them into the 
pores of bodies, not filled with a ſubſtance ſo reſiſting as common 
air: 


cerreſiveneſa. 
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air: as we ſee, that water will, by the prevalent preſſure of the ſur- Puvsics. 
rounding air or water, be raiſed to the height of ſome inches in ca- W 


pillary glaſs tubes; and in the pores of ſf unges, whoſe conſiſtent parts 
ielding eaſier than the fides of glaſs-pipes, thoſe pores will be en- 
arged, and conſequently the ſides disjoyned, as appears by the dila- 
tation, and ſwelling of the ſponge : and ſecondly, the agitation, that 
the intruding corpuſcles may be fitted to receive in thoſe pores, by the 
tranſcurſion of ſome ſubtile ethereal matter; or by the numerous pulſes 
of the ſwimming corpulcles of the menſtruum itſelf; whereby, like ſo 
many little wedges, and levers, they may be enabled to force aſun- 


der the little parts, between which they inſ nuate. But to come to 


experiments. 


1. It is obvious, that tho? the juice of grapes is ſweet, whilſt it 


retains the texture which belongs to it when new; yet after fermen- 
tation, it degenerates into vinegar: in which liquor, to a multitude 
of the more ſolid corpuſcles of the muſt, their frequent and mutu- 
al attritions may be ſuppoſed to have given edges; and thus, per- 


haps, the coniuſed agitation unſheathed ſome acid particles, which 


at firſt lay concealed in the muſt, Now, this liquor, that by 
the fore-mentioned mechanical changes is become vinegar, abounds 
with corpuſcles, which, on account of their edges, and penetrative 
ſhape, will diſſolve coral, crabs-eyes, ſome ſtones, Lapis Perser in par- 
ticular, as alſo minium, and even crude copper. And not only the 
diſtilled ſpirit of it will do theſe things more powerfully; but the ſa- 
line particles, that uſually remain after diſtillation, may, by being di- 
ſtilled, and cohobated per ſe, or by being skilfully united with the 
ſpirit, be brought to a menſtruum, of no ſmall efficacy in the diſſo- 
lution of metalline bodies, too compact for the mere ſpirit itſelf to 
work upon. Vinegar may, alſo, be made of ſeveral other ſweet 
things, and even of honey skilfully fermented with a ſmall propor- 
tion of common water. 


2. Moreover, ſeveral dry woods, and other bodies, which paſs for 


inſipid, afford, by diſtillation, acid ſpirits, that will diffolve coral, pearls, 
Ge. and alſo corrode ſome metals. So that the violent operation of 
the fire, which deſtroys what is call'd the form of the diſtill'd body, 
and works as a mechanical agent, produces an acid, corrofive men- 
ſtruum. 

3. Tis obſerved by refiners, that Aqua fortis, and Aqua regis, diſſolve 
metals, much more ſpeedily, when an external heat gives their inte- 
ſtine motions a new degree of velocity, which is but a mechanical 
thing; yet this additional agitation is that, without which ſome men- 
ſtruums will not ſenſibly operate on bodies at all; as we have tryed by 
keeping quick- ſilver in three or four times its weight of oil of vitriol, 
whereby the mercury was not diſſolved or corroded, tho kept for 
a long time; but when the oil of vitriol was excited by a convenient 


heat, it corroded the mercury into a fine white calx, which by the 
| | : | affuſion 


.- 


Confirm'd by 


experiment 1s 
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affuſion of fair water, would be preſently turned into a precipi- 
tate, of the colour and nature of a turbith. And having duſolved, 
in a weak ſpirit of ſalt, a fourth part of its weight of fine cryſtals 


of nitre, we found, that it would not, in the cold, diſſolve leaf- gold, 
but when the menſtruum was a little heated by the fire, that ſolution | 
was readily made. In ſome caſes alſo, tho' the external heat be 


ſmall, yet there may happen another brisk one, and greatly aſſiſt in the 
diſſolution of a body; as for inſtance, of quick-filver in Aqua fortis. For 
it is not ſtrange to find, that when a full proportion of that fluid 
metal has been taken, the ſolution, tho? at firſt altogether liquid, and 
as to ſenſe uniform, comes to have, after a while, a large quantity of 
coagulated matter at the bottom; of which the cauſe may be, that 
in the very af of corroſion, there is excited an intenſe degree of 
heat, which giving a new degree of agitation to the menſtruum, 
makes it diſſolve much more, than afterwards, when the conflict is 
over, it is able to keep up. | x 

4. We have obſerved allo, that agitation, in ſome caſes, ſo much 
promotes the ſolutive power of ſaline bodies, that tho* they be not 
reduc'd to that ſubtilty of parts, to which a — diſtillation brings 
them; yet they may, in their groſſer form, have the power to work 
on metals. By barely boiling ſome ſolutions, of ſalts of a convenient 
ſtructure, as nitre, fal-armoniac, &c. with leaf-gold, ſilver, &c. we 
have corroded theſe metals, and can diſſolve ſome others. And by 
boiling crude copper. filings with ſublimate, and common water, we 
were able, in no long time, to make a ſolution of the metal. 

5- Sometimes, likewiſe, ſo languid an agitation, as that which ſeems 
but ſufficient to keep a liquor in the ſtate of fluidity, may ſuffice to 
give a dry body a corroding power, which it could not otherwiſe 


Exerciſe; as in the way of writing upon the blade of a knife 


with corroſive ſublimate, wetted with common water. For after a 
while, all the parts of the blade, that ſhould not be fretted, being 


protected by a covering of wax, the ſublimate will corrode, only 


where way has been made for it in the wax by a bodkin ; and the 
letters will be the more or leſs deeply etch'd, according to the time 
the ſublimate is ſuffered to lye on: and if we only intend a legible 
impreſſion, a few minutes may ſerve the turn. 

6. Beſides, ſeveral bodies, found unable to diffolve others, in mode- 


rate degrees of heat, may yet, by intenſe degrees, be made fit ſol- 


vents for them. Having a diſtilled liquor, which was rather ſweet 
to the taſte, than acid; I in vain try'd to make it work on pearls, 
in a more than ordinarily warm digeſtion; yet the glaſs being for 
many hours kept in ſuch an heat of ſand, as made the liquor boil, 
we had a thorough - diſſolution, And tho? the ſolvents of crude gold, 
are generally diſtilled acid liquors ; yet alcalizate bodies, without the 
help of any liquor, will be enabled, by a melting fire, in no long 
dime, to penetrate, and tear aſunder the parts, even of crude bo ; 

| 0 
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ſo that it may afterwards be eaſily taken up in liquors, which are Pyyscs. 


not acid, or even by water itſelf. 

7. And tho” pure ſalt petre, when diſſolved in water, is not ob- 
ſerved to be a fit menſtruum to diffolve ſome metals, or ſo much 
as coral itſelf; yet when by a convenient diſtillation, its parts are ſplit, 
and by attrition, or other mechanical ways, reduced to the ſhapes of 
acid, and alkalizate ſalts; it then affords two ſorts of menſtruums of 
very differing natures ; which, between them, diſſolve a great number 
— variety of bodies; as the ſpirit of nitre, without addition, is a 
ſolvent for moſt metals, viz. ſilver, mercury, copper, lead, &c. and alſo 
ſeveral mineral bodies, as tin-glaſs, ſpelter, Lapis Calaminaris, &c. and 
the fixed ſalt of nitre operates upon ſulphureous minerals, ſuch as 
common ſulphur, antimony, &c. 

8. By the preceding trials, it has appeared, that the increaſe of 
motion in the more penetrating corpuſcles of a liquor, contributes much 
to its ſolutive power; 1 ſhall now add, that the ſhape, and ſize, which 
are mechanical properties, and ſometimes alſo the ſolidity of the ſame 
corpuſcles, eminently concur to qualify a liquor for diffolving a par- 
ticular body. And of this, ſome of the more familiar practices of 
chymiſts may ſupply us with inſtances. For there is no account ſo 
probable, as may be given upon this ſuppoſition, why Aqua fortis, 
which will diſſolve filver, without meddling with gold, ſhould, by 
the addition of a fourth part of its weight of ſal- armoniac, be turn- 
ed into Aqua regis, which, without touching filver, will diſſolve gold. 
But there is no neceſſity to have recourſe to ſo groſs and compound- 
ed a body, as fal-armoniac, to enable Aqua fortis to diffolve gold: for 
the 2 of common ſalt alone, being mixed in a due proportion, 
will ſuffice for that purpoſe. Which, by the way, ſhews, that the vo- 
latile ſalt of urine and ſoot, which concur to make ſal-armoniac, are 


not neceſſary to the diſſolution of gold; for which a ſolvent may al- 


ſo be made with Aqua fortis, and crude ſea-falt. Nay, the mechani- 
cal affections of a menſtruum may have ſuch an intereſt in its ſolu- 
tive power, that even mineral, or metalline corpuſcles, may become 
uſeful ingredients of it, tho? perhaps it be a diſtilled liquor; as might 
be illuſtrated by the operations of ſome compounded ſolvents, ſuch as 
is the oil of antimony, made by repeated rectiſications of what chy- 
miſts call its butter, which greatly abounds in an antimonial ſub- 
ſtance. 

9. But to ſhew, that a ſmaller change than one would imagine, of 
the bulk, ſhape, or ſolidity of the corpuſcles of a menſtruum, may 
fit it to diffolve a body, it would not work on before; we find 
not, that our ſpirit of ſalt, here in England, will at all diſſolve crude 
gold; but by putting ſome leaf-gold into a convenient quantity of 
good ſpirit of falt, when we had drop'd in ſpirit of nitre, till the 
mixture was juſt able, in a moderate heat, to diſſolve the gold, we 
found, that we had been obliged to employ only twelve drops of 
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the latter liquor, to an ounce of the former; ſo that ſuppoſing each 
of theſe drops to weigh a grain, the fortieth part of ſpirit of nitre 
being added, ſerved to turn the ſpirit of ſalt into a kind of Agua re- 
gis. But to know the proportion more exactly, we weighed ſix other 
drops of the ſame ſpirit of ſalt, and found them not fully to amount 
to three grains and an half: whence it appeared, that we added but 
about a ſeventieth part of the nitrous ſpirit, to that of ſalt. 

10. The experiments hitherto recited, relate chiefly to the pro- 
duction of corroſive menſtruums; I ſhall now give an account of two 
experiments, which I made, maniteſtly to leſſen, or quite deſtroy cor- 
roſiveneſs in liquors very conſpicuous for that quality. One of the 
corroſive menſtruums yet known, is oil of vitriol, which will fret 
ſeveral metals, minerals, and a great number and variety of ani- 
mal and vegetable bodies to pieces; yet if, for a while, you digeſt with 
it, an equal weight of highly rectified ſpirit of wine, and afterwards 
diſtil the mixtures very warily, you may obtain much of a liquor not 
corroſive at all; and the remaining ſubſtance will be reduced partly 
into a liquor, which, tho' acid, is not more ſo, than one part of 
good oil of vitriol will render ten times as much common water, 
by being well mixed with it; and partly into a dry ſubſtance, which 
hath ſcarce any taſte at all, much leſs a corroſive one. 

11. And tho' Aqua fortis be the moſt generally employed of corro- 
five menſtruums ; yet to ſhew how much the power of corroding may 
be taken away by changing the mechanical texture of a menſtruum, 
without ſeeming to deſtroy the fretting ſalts; I took equal parts of 


good Aqua fortis, and highly dephlegmed ſpirit of wine; and having 


mixed them warily, by degrees, we united them, by two or three 
diſtillations of the whole mixture ; which we afterwards found not to 
have the leaſt fretting taſte, and to be ſo deprived of its corroſive 
nature, that it would not work upon filver, tho' by precipitation, or 
otherwiſe, reduced to very ſmall parts; nay, it would ſcarce ſenſibly 
work, in a long time, on filings of copper, or upon other bodies, which 
mere vinegar, or perhaps rheniſh wine will corrode. And with ano- 
ther ſpirit, not urinous, and afterwards with ſpirit of wine, we ſhewed 
a more ſurprizing inſtance of the power of deſtroying the corroſive- 
neſs of a menſtruum. For, having put a piece of copper-plate into 
one ounce of Agua fortis; when the liquor was eagerly working upon 
the metal, I cauſed an ounce of the pure ſpirit of wine, to be poured 


upon the agitated mixture; whoſe efferverſcence, at the firſt inſtant, 


ſeemed to be much increaſed; but it was preſently after checked, and 
the menſtruum being ſpeedily diſarmed of its corrofiveneſs, the re- 
maining copper was left undiſſolved at the bottom. Nor are theſe 
the only acid menſtruums, which I have, in this way, correfted : | 
applied it alſo to others, as ſpirit of nitre, and even Agua regis itſelf; 


but it has not an equal operation upon all, and the leaſt upon ſpirit ol 


falt ; 
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ſpirit of nitre. 

Moſt of the chymiſts pretend, that the ſolutions of bodies are per- 
formed by a certain cognation and ſympathy between the menſtruum, 
and the body whereon it 1s to operate : and indeed, in ſeveral initances, 
there is, as it were, a relation between the menſtruum and the body 
to be diſſolved; as when ſulphur is diſſolved by oils, whether ex- 
preſs'd or diſtilled : yet, as the opinion is generally propoſed, I can- 
not acquieſce in it ; becauſe there are various ſolutions, and other phe- 
nomena, where it will not take place; and becauſe, even in thoſe in- 
ſtances, wherein it is thought moſt applicable, the effect ſeems to de- 

nd upon mechanical principles. 

12. And firſt, it will be difficult to ſhew, what relation there is 
between ſal-gem, antimony, iron, Zink, bread, camphire, Lapis Calami- 
naris, fleſh of ſeveral kinds, oyſter-ſhells, chalk, and quick-lime ; ſome 
of which belong to the vegetable, ſome to the mineral, and ſome to 
the animal kingdom; yet all of theſe, and ſeveral others may, even 
without the aſſiſtance of external heat, be diſſolved or corroded by 
one ſingle mineral menſtruum, oil of. vitriol. 

13. I obſerve alſo, that a diſſolution may be made of the ſame bo- 
dy by menſtruums, to which the chymiſts attribute mutual antipa- 
thy, and which, therefore, are not likely to ſympathize with the ſame 
third body: thus I found, that both Aqua fortis, and ſpirit of wine, 
upon whoſe mixture there enſues a conflict, with great efferveſcence, 
will each of them a-part, readily diffolve crude zink, as alſo the fil- 
ings of copper. Pure ſpirit of wine, and oil of vitriol, as great a dit- 
ference as there is between them in many reſpects, will each of them 
diſſolve camphire : and to theſe might be added other inſtances of 
the like nature. 

14. As to what is commonly ſaid, that oils diſſolve ſulphur, and 
ſaline menſtrua metals, by reaſon of their ſimilitude; I anſwer, that 
where there is any ſuch ſimilitude, it may very probably be aſeribed 
not ſo much to the eſſential forms of the bodies, that are to work 
on each other, or to their ſalt, ſulphur, or mercury; but to the 
congruity between the pores and figures of the menſtruum, and the 
body diſſolved by it; and to ſome other mechanical properties of 
them. Thus ſilver will not only be ditiolved by nitre, which is rec- 
kon'd a ſalt, but will amalgamate with quick-filver, and alſo, by the 
operation of brimſtone, be eaſily incorporated with that mineral, which 
chymiſts account of ſo oleaginous a nature, and inſoluble in Aqua 
fortis, 

15. And as for thoſe diſſolutions, which are made with oily and 
inflammable menſtruums, of common ſulphur, and the other like bo- 
dies; they do not plead for them ſo clearly, as chymiſts imagine. For 
if ſuch menſtruums operate, upon account of their ſulphureous nature; 


whence is it, that highly recti fied ſpirit of wine will not diſſolve even the 
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ſalt; as on the other fide, it ſucceeds to greater ſatisfaction upon ſtrong Puxsics. 
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Pursics. flowers of brimſtone, which eſſential, as well as expreſs'd oils, eaſily 
take up? And this ſpirit of wine, itſelf will immediately do, if by the 


help of an alkali, the texture of the brimſtone be altered; tho* the 
only thing added to the ſulphur, being an incombuſtible ſubſtance, 
is nothing near of ſo ſulphureous a nature as the flowers, and need 
have no relation, upon account of its origin with ſpirit of wine, as 
falt of tartar has; ſince I have tried, that fixed nitre will do the ſame. 

16. Salt-petre, being looked upon by chymiſts, as a very inflamma- 
ble body, ought, according to them, to be of a very ſulphureous na- 
ture; yet we find, that it is not readily diffolved in chymical oils, 
but in water. Chymiſts tell us, that the ſolutions of alkalies, ſuch as 
falt of tartar, or of pot-aſhes, in common oils, proceed -from the great 
ſimilitude between them; but I demand, whence it happens, that ſalt 
of tartar will, by boiling, be diſſolved in the expreſs'd oil of almonds, 
or of olives, and be reduced with it to a ſoapy body; tho' with the 
eſſential oil of juniper or aniſeed, &c. where, what they call the ſul. 
phur, is made pure and penetrant, you may boil ſalt of tartar twen- 
ty times as long, without making any ſoap of them, or perhaps any 
ſenſible ſolution of the alkali ? And chymiſts know, how unſucceſsful- 
ly it is attempted to diffolve pure ſalt of 1 577 in pure ſpirit of 
wine. I will not urge, that tho' the moſt' comfpicuous mark of ſul- 
phur be inflammability, and is, in an eminent degree, to be found in 
oil, as well as ſulphur ; yet an alkali, and water, which are neither 
fingly, nor when united, inflammable, will diſſolve common ſulphur. 

17. But to make it probable, againſt the chymiſts, that the ſolu- 
tion of ſulphur in expreſs'd oils, depends upon ſomething, beſides the 
abundance of the ſecond principle in both the bodies, many chymi- 
cal writers themſelves reckon Aqua regis, which is plainly a ſaline men- 
ſtruum, and diſſolves copper, iron, coral, &c. like acid liquors, among 
the ſolvents of ſulphur ; and by that power, amongſt other things, di- 
ſtinguiſh it from Aqua fortis. On the other ſide, if there be a congrui- 
ty between an expreſsd oil, and another body, tho' it be ſuch, as by 
its being eaſily diſſolved in acid ſalts, chymiſts ſhould pronounce of a 
faline nature, an expreſs'd oil will readily work upon it ; as I have 
tried by digeſting copper filings, with oil of ſweet almonds, which took 
up, like a corroſive liquor, ſo much of the metal, as to be deeply co- 
loured thereby. Nay, even with milk I have found a kind of diſſo- 
Iution made of crude copper; as appeared by the greeniſh blue co- 
lour the filings acquired, when they had been well drenched in it, 
and left for a certain time in the veſſel, where the air had very free 
acceſs to them. | 

18. Beſides the argument drawn from Aqua regis, it may be proper 
to urge another of the ſame kind againſt the generality of the fol- 
lowers of Helmont and Paracelſus, who allow of the operations of the 
alkaheft. It is affirmed, that this irreſiſtible menſtruum will diſſolve 
all tangible bodies into inſipid water; but then as, on the other ſide, 
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it will be very hard to conceive, how a particular menſtruum, which Puysrcs. 
is determined to be either acid, lixiviate, or urinous, &c. ſhould be CG SJ 


able to diffolve ſo great a variety of bodies, of differing, and per- 
haps contrary natures ; ſo, on the other, if the alkaheſt be not a par- 
ticular menſtruum, it greatly diſcredits the opinion of the chymiſts, 
who will have ſome bodies diſſolvable only by acids, others by fixed 
alkalies, and others again by volatile ſalts; ſince a menſtruum, which 
is neither acid, lixiviate, nor urinous, is able to difſolve bodies, in 
ſome of which, one, and in others, another of thoſe principles is pre- 
dominant. 80 that if a liquor be conveniently qualified, it is not ne- 
ceſſary, it ſhould be either acid, to diſſolve pearl, or coral, or alka- 
lizate, to diſſolve ſulphur. 

19. If we duly reflect upon the uſual proceſs in making Mercurius 
dulcis, we ſhall find it very favourable to our hypotheſis. For tho 
we have already ſhewn, that common ſublimate, made of mercury, is 
a highly corroſive body; yet if it be well ground, with near an 
equal weight of quick: ſilver, and be a few times ſublimed, it will be- 
come ſo mild, as not to taſte ſharp upon the tongue; whence the 
chymiſts call it Mercurius dulcis; yet this dulcification ſeems to be 
performed in a mechanical way. For, moſt part of the ſalts, which 
made the ſublimate ſo corroſive, abide in the Mercurius dulcis ; but 
being compounded with more quick- ſilver, they are diluted by it, and 
acquire a new texture, which renders them unfit to operate, as they did 
before, when the fretting ſalts were not joyned with a ſufficient quan- 
tity of the mercury, to reſtrain their corroſive activity. And this it may 
do either by ſneathing, or rubbing and grinding off their ſharp points, or 
cutting edges; as by ſome ſuch mechanical change, fretting ſalts either 
quite loſe their ſharpneſs, as alkalies, whilſt they are imbodied with ſand 
in common glaſs ; or greatly abate in their corroſive acidity, as oil of vi- 
trio], when, with ſteel, it compoſes Vitriolum Martis; or are elle tranſmu- 
ted, or diſguiſed, by conjunction with ſame corroded bodies of a peculiar 
texture, as when Aqua fortis makes, with filver, an extremely bitter ſalt 
or vitriol ; and with lead, one which is poſitively ſweet, almoſt like 
common Saccharum Saturni. 

20. And to ſhew how much the efficacy of a menſtruum may de- 
pend, even upon ſlight mechanical circumſtances; I put upon lead a 
large quantity of well rectified Aqua fortis, in which the metal conti- 
nued undiffolved ; tho?, if the chymiſts ſay true, that the diſſolving 
power of the menſtruum conſiſts only in the acid falts, with which it 
abounds, it ſeems naturally to follow, that the more of them are contain'd 
in a determinate quantity of the liquor, the more able it ſhou'd be to 
diſſolve metalline bodies. And in effect we ſee, that if corroſive men- 
ſtruums be not ſufficiently dephlegmed, they will not work on ſeve- 
ral of them. Conjecturing, however, that the ſaline particles, which 
ſwam in our Aqua fortis, might be more thronged together, than was 


convenient for a body of ſuch a texture of ſaline parts; I diluted the 
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menſtruum with fair water, upon which the defired fitneſs betwixt 


the agent and the patient enſued; when, the liquor quickly began to 


The theory of 
corroſibility . 


ſently diſſolved in that liquor. And thus, tho? the filings of ſilver 


fall upon the metal, and diſſolved it. And thus filver, which, I found, 
would not diſſolve in very ſtrong Aqua fortis, was readily fallen upon 
by that menſtruum, when I had weakened it with common water. 


S&R CT, II. 


rroſibility being the correſpondent quality to corroſiveneſs, the 
diſtinction already made of the former, will thew in what ſenſe 
I ule the latter. And this corroſibility of bodies, as well as their 
corroſiveneſs, is a relative thing; ſince gold, for inſtance, will not be 
diſſolved by Aqua fortis, but will by Aqua regis ; whilſt ſilver cannot be 
diſſolved by the latter of theſe menſtruums, but may by the former, 
And this relative property ſeems to conſiſt chiefly in three requiſites, 
all which depend upon mechanical principles. 

The firſt is, that the body to be corroded have pores of ſuch a 
magnitude and figure, that the corpuſcles of the ſolvent may enter 
them, and agitate the ſolid parts, which incloſe them: for want of 
this condition, glaſs is penetrated in a multitude of places, but not 
diſſipated, by the incident rays of light, which permeate its pores with- 
out any conſiderable reſiſtance. And tho the interſtices of a body were 
leſs minute, and capable of letting in ſome grofſer corpulcles ; yet if 


theſe, for want of ſolidity or rigidneſs, were too flexible, or of 


a figure unſuitable to that of the pores they ſhould enter, a diſſolu- 
tion would not enſue; as it happens, when pure ſpirit of wine is, in 
_ cold, put upon falt of tartar, or Aqua fortis upon powder of ſul- 
phur. 

The ſecond qualification is, that its conſiſtent corpuſcles be of ſach 
a bulk and ſolidity, as does not render them incapable of being dis- 
joined by the action of the — fp, corpuſcles of the menſtruum. 
Agreeable to this, and the former obſervation, is the practice of chy- 
miſts, who, when they would have a body wrought upon by a men- 
ſtruum, otherwiſe too weak for it in its crude ſtate, diſpoſe it to re- 
ceive the action of the ſolvent by previouſly opening it, that is, by 
enlarging the pores, making a comminution of the corpuſcles, or wea- 
kening their coheſion. Thus, ſeveral bodies are brought, by fit pre- 
parations, to be reſoluble in liquors, which would not work on them 


before. Thus, lime-ſtone by calcination becomes, in part, diſſoluble in 


water; and ſome metalline calces will be wrought upon by ſolvents, 
that would not touch the crude metal. Thus, tho' crude tartar is 
very flowly diſſoluble in cold water, yet when burnt, it may be pre- 


will 
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will not be at all diſſolved by common water, or ſpirit of wine, yet 


if, by the interpoſition of the faline particles of Aqua fortis, the cor | 


puſcles be ſo disjoined, and ſuffer ſuch a comminution, as they do in 
cryſtals of ſilver ; the metal thus prepared, will eaſily diſſolve, not only 
in water, but in well rectified ſpirit of wine. And the like ſolubility J 
have found in the cryſtals of lead made with ſpirit of verdigreaſe, or 
good diſtilled vinegar, and in thoſe of copper made with Aqua fortis. 
The laſt diſpoſition to corroſibility conſiſts in ſuch a coheſion of 
the parts, as is not too ſtrong to be ſuperable by the action of the 
menſtruum. This condition, tho* of kin to the former, is ſomewhat 
different from it; ſince a body may conſiſt of parts, either bulky, or 


ſolid, which yet may touch one another in ſuch ſmall portions of 
their ſurfaces, as to be much more eaſily diffociable, than the mi-- 


nute or lefs ſolid parts of another body, whoſe contact is more full 
and cloſe, and conſequently their coheſion more ſtrict; ſo that the cor- 


roſibility of a body is but a mechanical relation, reſulting from the. 


mechanical properties and contexture of its parts, as they intercept 
pores of ſuch ſizes and figures, as fit them to thoſe of the corpul- 
cles of the menſtruum, which enter between and disjoyn them. But 
to confirm this dottrme by a few experiments. 

1. If we put highly rectified ſpirit of wine upon fulphur, or its flow- 
ers, the liquor will lye quietly thereon, without making any viſible ſo- 
lution 3 and if ſuch ſpirit were put on very dry ſalt of tartar, the falt 
would lye undiſſolved at the bottom; yet if the ſulphur be firſt gent- 
ly melted, and the ſalt of tartar, by degrees, put to it, and mixed 
therewith; as there reſults a new texture, diſcoverable by the new co- 
lour, Jo there will ariſe a diſpoſition to be diſſolved, that was not 
before in either of the ingredients; whence, tho' the mixture be kept 
till quite cold, or long after, provided it be ſecured from the air, the 
ſpirit of wine, being put to it, will thence acquire a yellow tincture in 
a minute; and in leſs than half a quarter of an hour, a red one; be- 
ing richly impregnated with ſulphureous particles, diſcoverable by the 
ſmell, tafte, and ſeveral operations. 

2. Spirit of ſalt will not diſſolve crude mercury in the cold; and 
1 once kept them, for a conſiderable time, in no ſmall heat, with- 
out finding any ſolution. But if mercury be precipitated per ſe, that 
is, reduced to a red powder without addition, by the mere opera- 
tion of the fire; the texture will be ſo changed, that ſpirit of ſalt 
will readily diffolve it. 

3. And this experiment is the more remarkable; becauſe, tho' 
oil of vitriol will, in a great heat, corrode quick-filver ; yet I kept a 
precipitate per ſe, for ſeveral hours, in a conſiderable degree of heat, 
without finding it to be diffolved, or corroded by the menſtruum : 
but, having put another parcel of the ſame mercurial powder into cold 
Aqua fortis, or ſpirit of nitre, a ſpeedy diſſolution enſued. And that 


this diſpoſition to be diſſolved by ſpirit of falt, which mercury ac- 
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Pursics. quires by being turned into a precipitate per ſe, is not merely the ef. 
LAY tet of the operation of the. fire upon it, but of ſome change of tex- 


ture, produced by that operation, may be argued from hence, thar, 
tho? ſpirit of ſalt be a very proper menſtruum, to diſſolve iron, 
or ſteel; yet when that metal 1s reduced to a crocus, by the action 
of the fire, it leaves in the bottom of the glaſs, a conſiderable part 
ſcarce ſenſibly altered; ſo that the menſtruum has ſeemed rather 
to have extracted a tincture, than to haye made an ordinary ſolution ; 
for the colour of it was a high yellow or reddiſh ; whilſt iron, diffoly'd 
in ſpirit of ſalt, affords a green ſolution. Whether, by repeated ope- 
rations with freſh menſtruum, farther diffolutions might in time be 
made, I will not ſay; it may ſuffice for our preſent purpoſe, that iron, 
by the operation of the fire, acquired not, as mercury had done, a 
facility, but a great indiſpoſition to be diſſolved by ſpirit of ſalt. We 
varied this experiment, by employing, inſtead of ſpirit of fait, ſtrong 
oil of vitriol, which, being poured on a little Crocus Martis, made per 
fe, did not, as that menſtruum uſually does upon filings of cruwe iron, 
readily fall upon the powder, with froth and noiſe, but reſted tor ſe- 
veral hoes calmly upon it, without producing any ſenſible warmth. 

4. And it agrees very well with our doctrine, about the dependance 
of the corroſibility of bodies upon their texture, that from ſeveral of 
them, whilſt they are in conjunction with others, there reſult maſſes, eaſi- 
iy diſſoluble in liquors, wherein a great part of the matter, if ſeparated 

rom the reſt, would not be at all ditfolved. Thus, common vitriol 
is eaſily diſſolved in mere water; but if skilfully calcined, it will yield 
near half its firſt weight of inſipid colcothar, which is ſoluble, nei- 
ther in water, in Aqua fortis, or Aqua regis; tho' ſometimes theſe will 
colour themſelves upon it. We lee, likewiſe, that ſimple water will, 
by boiling it with harts-horn, diſſolve and make a jelly thereof; and 
yet, when calcined, common water is no longer a fit ſolvent for it, 
nor even oil of vitriol a thorough one. | : 

5. I ſhall recommend to the followers of Helmont, an experiment of 
his, which ſeems to ſuit with the dectrine propoſed. He tells us, that 
if, by a certain ſubtile menſtruum, quick-ilver be diveſted of its ex- 
ternal ſulphur, as he terms it, all the reſt of the fluid metal, which 
he ſtiles the kernel of mercury, will be no longer corroſible by it. 
So that, upon this ſuppoſition, tho? common quick-filver be ſo ſuited 
to Aqua fortis, that the ſame quantity of that will diſſolve more of it, 
than of any other metal; yet, if by the deprivation of ſome portion 
of it, the latent texture of the metal be altered, tho' not the viſible 
appearance, the body, which before was fo caſily diſſolved by Aqua 
fortis, ceaſes to be at all diſſoluble by it. 

6. As for thoſe chymiſts, who credit the ſtrange things affirmed of 
the alkaheſt; we may urge them with what is delivered by Helmont, 
where he aſſerts, that all ſolid bodies, as ſtones, minerals, and metals 
themſelves, by having this liquor duly abſtratted, or diſtilled off from 


them, 
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them, may be changed into ſalt, of equal weight to the reſpective Paurzcs. 
bodies, whereon the menſtruum was put. So that, ſuppoſing the al- ,gay 


kaheſt to be totally abſtracted, what other change, than of texture, 
can be reaſonably imagined to have been made in the tranſmuted bo- 
dies? Yet ſeveral of them, as flints, rubies, ſapphires, gold, ſilver, &c. 
which were inſoluble before; ſome of them in any known menſtru- 
ums, and others in any but corroſive liquors; become capable of be- 
ing diſſolved in common water. 

7. It is a remarkable phenomenon, and confirms our opinion, about 
the intereſt of mechanical principles in the corroſive power of men- 
ſtruums, and the corroſibility of bodies, that is produced in the fol- 
lowing experiment. If we put large grains of ſea- ſalt into common 
water, they will be diſſolved calmly therein, without auy appearance 
of conflict; but if ſuch grains of ſalt be put into good oil of vitriol, 
that liquor will fall furiouſly upon them, and produce, for a long while, 
an hiſſing noiſe with fames, and numerous bubbles, as if a potent 
menſtruum were corroding ſome ſtubborn metal. 

8. And tho' Aqua fortis, or Aqua regis poured upon filings of copper, 
will work upon them with much noiſe and ebullition, I have tryed that 
good ſpirit of ſal-armoniac, or of urine, being put upon the like fil- 
ings, and left there, without ſtopping the glaſs, will quickly begin to 
work on them, and quietly diffolve them, almoſt as water diſſolves 
ſugar. And even with oil of turpentine, I have diſſolved crude cop- 
per; and the experiment ſeemed to favour our conjecture the more, be- 
cauſe having made it ſeveral times, it appeared, that the common un- 
rectified oil would perform the ſolution much quicker, than that which 
was purified by recti fication; which, tho' more ſubtile, and penetrat- 
ing, was, it ſeems, on that account, leſs fit to diſſolve the metal, than 
the groſſer oil, whoſe particles might be more ſolid, or more advan- 
tageouſly ſhap:d, or on ſome other mechanical account better quali- 
fied for the purpoſe. ; 

9. Diſſolve good ſilver in Agua fortis, and precipitate it with a ſufficient 
quantity of ſpirit of ſalt z then having waſh'd the calx, which will be 
very white, with common water, and dried it well, melt it, with a 
moderate fire, into a fuſible maſs, which will be very much of the na- 
ture with what the chymiſts call Cornu Lune, which they make by 
precipitating difſolved ſilver, with a bare ſolution of ſalt, made in com- 
mon water. And tho” ſpirit of ſalt, and ſilver diſſolv'd in Aqua fortis, 
will each of them a part, readily unite with ſimple water, our [una 
Cornea will not, but is ſo indiſpoſed to diſſolution, that I have kept 
ſome long in digeſtion, with Aqua fortis, and ſome in Aqua regis, 
and in no faint degree of heat, without being able to diſſolve it be 
a metal; the menſtrua having, indeed, tinged themſelves upon it, but 
left the compoſition undiſſolved at the bottom. 
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nitude, figure, and motion of the ſapid corpuſcles, conſidered, 
either ſeparately, and as the properties of ſingle and very mi- 
nute particles of matter; or elſe in a ſtate of conjunction, as two or 
more of theſe properties, and the particles they belong to, may be 
combined or aſſociated, either amongſt themſelves, or with others, 
which were not ſapid before. And as theſe coalitions, and other aſſo- 
ciations, come to be diverſified; ſo the taſtes reſulting from them, 
will be altered or deſtroyed. By taſte, conſidered as belonging, 
to the object, I mean that quality, or whatever elſe it be, which 
enables a body by its operation to produce in us the ſenſation, 
we call taſt, That this one „ or whatever elſe it be, which 
makes or denominates an-obje& ſapid, may ſo depend upon the ſhape, 
ſize, motion, and other mechanical affections of the ſmall parts 
of the body taſted, and reſult from the aſſociation of two or more 
of them, not excluding their congruity, or incongruity to the organs 
of taſting, may be made probable by the following inſtances. 


| Fo Ccording to my notion of taſtes, they depend upon the mag- 


4 Jody, almoft 1. It is obſerved, that ſalt-petre refined, and freed from the ſea-falt 
infpid, divid that is mixed with it, rather cools the tongue, than makes any ſapid 


bedies of very 
freng, and ve- 


impreſſion on it, baking a very faint and languid bitteriſhneſs, which ſeems 
to be its proper taſt; yet being diſtilled, by the way of inflammation, 
or by the help of a taſtleſs addition, it affords both a ſpirit, which is 
extremely ſharp upon the tongue, and will diſſolve ſeveral metals, 


and 
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and a fixed ſalt, which is, likewiſe, very ſtrongly taſted, but altoge- 
ther ditterent from that of the ſpirit ; and, accordingly, this ſalt will 
diſſolve ſeveral compact bodies, that the other will not touch; and 
precipitate various metals, and other concretes out of thoſe ſolutions, 
which have been made of them by the ſpirit. 

2. If upon the liquor of fixed nitre, made per deliquium, you warily 
drop juſt enough good ſpirit of nitre, to ſatiate the alkali, you may, 
by a gentle evaporation, and ſometimes without it, obtain cryſtals, 
which will have, upon the tongue, neither a ſharp, nor an alkalizate 
taſt, but the faint, and ſcarce ſenſible bitterneſs, that belongs to pure 
ſalt- petre. The like production of ſalt- petre we have ſometimes had in 
far leſs time, and ſometimes indeed in a trice, by ſubſtituting, inſtead 
of the fixed ſalt of nitre, the faline parts of good pot- aſhes, carefully 
freed, by ſolution and filtration, from the earthy and feculent ones. 

Now the phenomena of theſe two experiments may ſeem ex- 
plicable from the new magnitudes, and figures of the particles, which 
the fire, by breaking, or forcibly rubbing them one againſt the other, 
or alſo againſt the corpuſcles of the addition, may be preſumed to 
give them; as if, for example, allowing the corpuſcles of nitre to be 
little priſms, whoſe angles and ends are too obtuſe to make deep im- 
preſſions on the tongue; if theſe little priſms be, by a violent 
heat, {plit, or otherwiſe broken, or forcibly made to grind one ano- 
ther, they may come to have parts ſo much ſmaller than before, and 
endowed with ſuch ſharp ſides and angles, that, being diſſolved and 
agitated by the faliva, which uſually moiſtens the tongue, their ſmal- 
neſs may give them free acceſs to the pores of that organ; and the 
ſharpneſs of their ſides and points may fit them variouſly to ſtab and 
cut the nervous Papille of it, according to the grand diverſities, as to 
ſhape and bulk, of the ſapid particles. And this being granted, it 
ſeems farther conceivable, that, when the alkalizate and acid par- 
ticles were put together in the fluid mixture, wherein they ſwam, 
many of them might, after a multitude of various joſtlings, and oc- 
curſions, meet with one another ſo luckily, as to re-compole little 
priſms, or convene into other bodies, almoſt like thoſe, that made up 
the cryſtals of nitre, before it was expoſed to the fire. Thus, tho" a 
priſm of iron may have ſuch a ſhape, as to be wholly unfit to pierce 
the skin; yet *tis poſſible to cut it by tranſverſe planes, reaching to 
the oppoſite baſes or ends, ſo as to make wedges, which, by the 
ſharpneſs of their angles may be fit to cleave wood, and cut the 
skin; and theſe wedges, being again put together after a requiſite 
manner, may re-compoſe a priſm, whoſe extremes ſhall be too blunt 


to ſerve the former purpoſe. 
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Two bodles, 
the one highly 
acid, and the 
other alkali- 
zate, produce 
4 third almyf 
inſipi d. 


3. We very warily pour'd upon cryſtals of ſilver, diſſolved in good an inſoid 
Aqua fortis, or ſpirit of nitre, ſtrong brine, made of common falt and mixrure of bit- 


water. The mixture of theſe being dried, and afterwards fuſed in a 
crucible, and kept a competent time in that ſtate, affords a tough 
Z EL 2 mals, 


ter and ſal * 
bodies. 
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pursics. maſs, called by the chymiſts Luna cornea, which being lick'd ſeveral 


times, will ſcarce be judged other than inſipid ; nor will it be eaſily . 
brought to diſſolve in much more piercing menſtruums than our ſali- 
va. 1 

An inſpid 4. Take a ſtrong ſolution of minium, made with good ſpirit of vi- 


mature negar; or take Saccharum Saturni, diſſolved in a convenient vehicle; and 
= and ſal: be very careful to put to it, by degrees, a juſt proportion of ſtrong 
* ſpirit of ſal-armoniac, or the like urinous ſpirit, till the whole be pre- 
cipitated; and if the two former taſtes are not ſufficiently deſtroyed 
thereby, the mixture, being dried and fluxed, as in the Zuna cornea, 
will become inſipid. 
An inſpid be- F. Diſſolve in ſtrong ſpirit of nitre, or good Agua fortis, as much 
h and _ pure ſilver, as the menſtruum will take up; this ſolution being filtred 
256 mers bit. has been often eſteemed more bitter than gall, wormwood, alces, 
ter than gat, Cc. and if the ſuperfluous moiſture be abſtracted, you may, by coa- 
er aloe, gulation, obtain cryſtals of ſilver, that have been judged more ſtrong- 
ly bitter than the ſolution. And that the corpulcles of theſe cry- 
ſtals ſhould leave a far more laſting taſte of themſelves, than the moſt 
bitter bodies, will not feem ſtrange, if we take notice how deep the 
particles of theſe cryſtals may. pierce into the ſpongy organs of tafte; 
fince, if one does but touch the pulp, or nail of one's finger, firſt a 
little wetted, with the powder of ſuch cryſtals, it, will penetrate, 
and ftick ſo faſt there, that you cannot in a reatonable time get off 
the ſtain. crap Ns wo 3212 #6544; — 
n ine be- 6. Put purified A ortis, or ſpirit of nitre, upon: miniu 
&y, 2 cor letting think work — — another in a gentle heat fil cbe liquor — 
— yo 8 diſſolved its full proportion of the metal; when, if the ingredients 
abba. be good, and the operation rightly performed, the menſtruum will have 
a ſweetneſs, like that of ordinary Saccharum Saturni. But if the mi- 
nium be adulterated, as often it is; or the ſpirit of nitre, or Aqua 
fortis be mixed with ſpirit of common ſalt, or other unfit ingre- 
dients, the experiment will not ſucceed, as I have more than once 
obſerved. | | 
Liquors corre- 7. If ſugar be put into a large retort, and warily diftilled, it will 
ſve enough to afford, among other things, a large quantity of a red ſpirit, which be- 
1 7 ing flowly rectified, loſes its colour, and comes over clear. The Capar 
Sewn mortuum of the ſugar may be found either almoſt, or wholly inſipid. 
ſweeteſt bodies. And tho' the ſpirit will be of a very piercing taſt, yet it will be ve- 
ry far from any kind of ſweetneſs; and tho* that liquor be thought 
homogeneous, and to be one of the principles of the analyzed ſugar, 
yet 1 found it-to be a mixture of two ſpirits ; with the one of which, 
beſides bodies of a leſs cloſe texture, I diffolv'd crude copper; as was 
eaſy to be ſeen by the deep and lovely colour of the ſolution. And 
to theſe four ſpirits, afforded by ſugar itſelf, we have reſtored a kind 
of ſaccharine ſweetneſs, by compounding them with the particles of 
ſo inſipid a body as minium; part of which they will in — _ 
ve. 


7 
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| producible from one inſipid body, by affociating it with different 
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folve. A like fpirit to that diſtilled from ſugar, may be obtained Pursics. 
from honey; but as it is apt to ſwell exceedingly, chymiſts do not 


_ diftil it without ſand, brick, or ſome other addition. A body, bitter" 


8. Put ſome fine cryſtals of ſilver into a good retort, and then diſtilling 75 bight 
them in a ſand- furnace, capable of giving them ſo ſtrong a fire, as — 1 
to drive away all the ſpirits from the filver, this, remaining behind, ſabfenert, the 
will, according to its metalline nature, be inſipid, and the ſpirits, that one extremely 
are driven away from it, will unite in the receiver into an acid and = and = 
corroſive menſtruum. W- —— wh 

9. As the following operation may help to diſcover the figures of Variety of 
the particles of diſſolved metals, and other bodies; ſo it is very fit ger produced 
to ſhew, how much taſte may be diverſified by, and conſequently de- in one infipid 
pend upon texture; ſince a body, that hath no taſte, may, in con- body, by aſſsci- 


junction with ſapid bodies, give them ſtrong taſtes, all differing from ating it with 


one another, and each of them from that, which the ſapid bodies had — 1 
before. Zink will be diſſolved not only by Aqua fortis, Aqua regis, oil 
of vitriol, ſpirit of nitre, ſpirit of ſalt, and other mineral menſtruums, 
but alſo by vegetable ſpirits, as diſtilled vinegar; and by animal ones 
too, as ſpirit of ſal- armoniac; tho the one be acid, and the other 
urinous. And if the ſeveral ſolutions, which may be made of this 
mineral, by ſo many differing liquors, be compared, the number of 
their differing taſtes, will ſuffice to ſhew that a variety of taſtes is 


menſtrua. | 
10. The next experiment may paſs for a converſe of the foregoing; Vie off 
and as it ſerves, * as ca _ diſcover the ſtructure of the mi- —— ey 
nute parts of metalline and mineral bodies; ſo it may, better than that, flruum, by af- 
ſerve. to illuſtrate the doftrine of taſtes; by ſhewing, that a ſingle, ſociating it 
ſimple body, endowed with a- peculiar taſte, may, by being compound- with infpid 
ed with others, each of them inſipid of itſelf, produce a conſiderable die. 
number of differing taſtes. More inftruments than one might be uſed 
in this experiment; but of thoſe which are known, and eaſily ob- 
tain'd, the moſt proper are ſpirit of nitre, and good Agua fortis; which, 
with. refined ſilver, make a ſolution bitter as gall; with lead, one of 
a ſaccharine ſweetneſs ; with that part of tin, they will keep diffolved, 
a taſte very different from both the former, but not odious; with 
copper an abominable taſte ;, and with mercury and iron, other kinds 
of bad taſtes. Nor are metals the only mineral bodies they thus 
work upon: they alſo diſſolve tin-glaſs, antimony, braſs, emery, Zink, 
&c. all which together make up no deſpicable number of differing 
taſtes. | 
11. The next inſtance is ſtill more proper for our purpoſe z becauſe 79% 990% | 
the corroſive menſtruum is here neither mortified by fixed nor urinous — Ixv.g 7 the 
falts, ſuppoſed to be of a contrary nature to it; nor yet diſarmed by her very 


corroding of metals, or other ſolid bodies. The experiment being ſome- 2*7%27, come 
poſe a body of 


what dangerous when made in great quantities, it may anſwer . 
; J matic taf 
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end, to make in leſs, as follows. Take one ounce of ſtrong ſpirit of ni- 


. tre, or of very gobd. Agua fortis, and very gradually put to it another 


ounce of rectified ſpirit of wine. When thele two liquors are well 


mixed, and grown cold again, diftil them totally over together, to 


unite. them exquiſitely into one liquor ; in which, if the operation hath 


been well performed, the corroſive particles of the ſalts will not only 


Abe peculiar 

taſtes of na- 

tural bodies, 
imitated by 
#ri, 


loſe all their cutting acidity ; but, by their new compoſition with the 
vinous ſpirit, the liquor acquires 'a vinous taſt, which is very plea- 
ling and aromatic. 2677 

12. Perhaps it will not be erroneous to conceive, that, whatever be the 
agent in reference to thoſe taſtes, which are ſaid to be ipecific to this 
or that plant ; yet that, on whoſe immediate account *t is, or becomes 
of this or that nature, is a complication of mechanical properties, ſuch 
as ſhape, ſize, ec. in the particles of the matter, which is ſaid to be 
endowed with ſuch a ſpecific taſt. 

To illuſtrate this, 1 attempted to imitate the taſt of 


ſome natural bodies by artificial ones; but formd it not eaſy, 


before-hand, to know the {ſucceſs of ſuch trials. Making ſome expe- 


riments to alter the ſenſible qualities of oil of vitriol, and ſpirit of 


wine, I obtained from them, among other things, a certain liquor, 
which, tho' at firſt pleaſant, would, at a certain juntture of time, 
make one, -who held it in his mouth, think it had been imbued with 
garlic. And a perſon famous for making good cyder, complained to 
me, that having, among other trials, put into a velſel full of juice of 
apples, a certain proportion of muſtard-ſeed, in hopes it would make 
the cyder more ſharp and ſpirituous, he found it ſmell fo rank of gar- 
lic, that every body rejected it. I remember alſo, that by fermenting 
a certain proportion of Semen Dauci with ale, the liquor had a very 
pleaſant reliſh of lemmon- peel. But it ſeems much more confiderable, 
that with an inſipid metal, and a very corroſive menſtruum, a taſt 
may be compounded, ſo like a vegetable, as to deceive many. This 
may be done by diſſolving gold, without any groſs ſalt, in a mixture 
of Aqua fortis, and the ſpirit of ſalt, or even in common Aqua regis, 
made by diſſolving ſal-armoniac in Aqua fortis. For if the experiment 
be happily made, there will be obtain'd, either a ſolution, or a ſalt, 
whoſe auſtere taſt very much reſembles that of floes, or unripe bullace. 
And this taſt, with ſome little variety, I found in gold diſſolved with- 
out any diſtilled liquor at all; and alſo, in gold, which by a peculiar 


menſtruum 1 had volatilized. The next inſtance, I found to have been 


known to ſome ingenious ladies. But to make the experiment ſuc- 
ceed very well, a due proportion is the principal circumſtance, which 
is uſually neglected. I cannot call to mind that which J found to 
ſucceed beſt, but the trial may be indiff:rently well made, after 
this manner. Take a pint of malaga or canary, and put into it a 
dram or two of good orrice roots, cut into thin ſlices, and let them 
inuſe in the liquor for a convenient time, till you pereeive it 1 7 
gain 
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gain d the deſired taſt and ſmell; then keep the thus perfumed wine Puxsics. 
exactly ſtopped in a cool place: by this means, I had a liquor, which, 


coloured with cochineal, was taken for good rasberry-wine. 


13. It will not perhaps be unacceptable to add a word or two, on this Some changes 
occaſion, for their ſakes, who think the maturation of fruit, and the made of rafter 
changes of taſtes, by which it is uſually known, are the effect of the 97 m9watien. 


vegetable ſoul of the plant. For, after the fruit is gathered, and be- 


mg no longer a part of the tree, ceaſes, according to the moſt common. 


opinion, to be a part of the living plant, it belonged to; yet it is ve- 
ry poſſible, that ſome fruits may receive maturation, after they have 


been ſevered from the plants that bore them. Apples, pluck'd too 


ſoon, uſually obtain a mellowneſs by lying in heaps; which ſeems 
to be a kind, or degree of maturation ; and medlars, gathered whilſt 
they are hard and harſh, afterwards become ſoft, and better taſted. 
"Tis allo aſſerted by ſeveral writers of the affairs of India, that the fruit, 
they call Bananas, is uſually gathered green, and hung up in bunches, 
in the houſe, where they ripen by degrees, and have an advantageous 


change made both of their colour, and taft. And this experiment, an 
ancient acquaintance of mine aſſured me, he had himſelf lately tried, 


and found to be true, in America. And indeed I fee not, why a con- 


venient degree of warmth, whether external from the ſun and fire, or 
internal from ſome degree of termentation, or analogous inteſtine com- 


motion, may not put the. ſapid corpuſcles into moticn, and cauſe 
them, by various and inſenſible tranſcurſions to rub againſt each other, 
and thereby make the little bodies more ſlender and thin, leſs rigid 
or cutting, than they were before; and by various motions bring the 
fruit they compoſe to a ftate, wherein it is of a more ſoft conſi- 
ſence, and abounds in corpuſcles leſs harſh, and more pliable, 
than formerly, and better fitted to the pores of the organ of taſt; 
and, in a word, make ſuch a change in the conſtitution of the fruit, 
as we expreſs by the name of maturity. And that ſuch mechanical 

es of texture may much alter the qualities, and among them, 
the taſt of a fruit, is obvious in bruiſed cherries and apples, which, 
in the contuſed parts, ſoon come to look and taſt otherwiſe than 
they did before. The poſſibility of this is alſo obvious from warden 
pears, gently roaſted in embers. And I have ſeen in the country between 


France and Savoy, a ſort of pears, which, being kept for ſome hours in 
a moderate heat, in a veſſel exactly cloſed, with embers and aſhes 


above and beneath them, will be reduced to a juicy ſubftance, of a 
lovely red colour, and a very ſweet luſcious taſt. Many other forts 
of fruit, in different countries, it they were managed after the ſame 


way, would admit of as great alterations in point of taſt. And that 


more ſtubborn ſalts, than thoſe of vegetables, may have the ſharpneſs 
of their taſtes very much abatcd, by the bare internal action of one 
part upon the other, I have been induced to think, from obſerving, 
that by the help of inſipid water, we may reduce ſea-ſalt into a 

brine, 


544 


Taſtes and Otlours. 


Puystc5. brine, of ſo mild and peculiar a taſt, that one would ſcarce ſuſpect 
ubat it had been; or believe, that ſo great a change of a mineral bo- 


The mechani- 
cal production 
of odours. 


A frong ſmell 
ny, by 
two ſcentleſs 
bodies. 


A ftrong ſcent 
produced by 
water ina bo- 
dy, which had 
none before, 


Produced 
odours differs 
ing from that 
of any of the 
ingredients. 
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almoſt to take away my breath. And farther, to ſhew the poſſibility 


dy could be effected by ſo ſlight and inteftine commotion as produced 
it. As to vegetable liquors, the produttion of new taſtes upon the in- 
teſtine commotions of the ſapid parts, is obvious in the juice of grapes, 
which, from a ſweet and ſpiritleſs liquor, acquires that pleaſing pun- 
gency and briskneſs of taſt, which belongs to wine; and afterwards de- 
generates into that acid and cutting taſt, proper to vinegar; and all 
this from a change. of conſtitution, made by the action of the parts 
themſelves, one upon another, without the help of any external ad- 
dition. e ea _— py 


— — * PY 4 * * —_— OW — ͤ—— 


SAS 


Olnce taſtes and odours are uſually treated of immediately after one 
another, I ſhall alſo conſider theſe two qualities ſucceſſively ; be- 
cauſe much of what is already ſaid of taſtes, being applicable to odours, 


will fave the trouble of repetitions. 


1. Grind good quick-lime and fal-armoniac well together, and hold- 
ing your noſe to the mixture, you will find an urinons. imell, produ- 
ced by the particles of the volatile ſalt, which will alſo make your 
eyes water. | | 

2. If a large proportion of camphire be diffolved in oil of vitriol, 
the odour of the gum will be quite conceoled in the mixture; but if 
you pour this mixture into a large quantity of fair water, the dif- 
ſolved gum will immediately recover out of the menſtcuum, and ſmell 
perhaps more ſtrongly than before. | 1 

3. Having cautiouſly mixed two parts of clear oil of turpentine, with 


one part of the oil of vitriol, the clear liquor, that came over, upon di- 


ſtillation of the mixture, inſtead of turpentine, ſmelt very ſtrong of 


ſulphur; ſo that once, approaching very haſtily to the receiver, newly 


taken off from the retort, the ſulphureous ſcent proved ſo ſtrong, ' as 


of producing ſuch odours upon the mixture of ingredients, as neither 
of them was a-part endowed with, we cauſed the ſubſtance, that re- 


mained behind in the retort, in the form of a thin extract, after one 


of theſe diſtillations, to be farther urged by a ſtronger fire, which 
forced moſt of it over, partly in the form of a thick oil, and part] 
in that of butter; both which we kept together in the ſame vial; 
their odour being neither that of oil of turpentine, nor of brimſtone; 
but exceedingly like the diſtilled oil of becs-wax. | 


4. That 


mo aa. a od ba. 5, 
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4. That the celerity, and other modifications of the motion of the Puys:cs. 
efluvia of bodies, may not only diverſify their odours, but ſo far pro- 
duce them, as to render them perceptible by the ſenſe, may be gathered The production 
from ſome common obſervations. Several bodies are not only inodorous 7 — 
when cold, but when conſiderably hot; and tho they remain fixed in“ ten. 
the fire, yet, having their parts put into a peculiar kind of agitation, 
they will preſently grow manifeſtly odorous. Some very hard woods, 
acquire a ſtrong ſmell by the motion they may be expoled to in a 
turner's lath, particularly the Lignum Pitæ; and ſome, whilſt the ope- 
ration laſts, attord an unexpected odour. Having inquired concerning 
the ſcent of beech-wood, whilſt it is turning, I was informed, that 
it would emit well-ſcented effluvia; and it was affirmed to me by a 
workman, who had bought a great block of this wood, that when 
he came to turn it, there would iſſue out, not only a great ſcent, 
but ſuch a peculiar fragrancy, that one, who knew not whence it pro- 
ceeded, would have concluded he ſmelt roſes. 

5. Take falt of tartar, and drop upon it either ſpirit of nitre, or & ſcented bo- 
a weak Aqua fortis, till all the efferveſcence ceaſes, and the liquor no , by mixing 
longer works upon the alkali; and theſe, by a flow evaporation of 7 e 
the ſuperfluous moiſture, may be made to ſhoot into cryſtals, like ive 2 
thoſe of nitre ; which, after you have, by rubbing with a dried cloth, 777 ſmell. 
freed from looſe adhering cor puſcles, reſemble falt-petre, both in other 
qualities, and in not being odorous; tho', if you diſtil them, or 
burn them on kindled coals, their fumes will quickly appear to abound 
with the; fetid ſpirits, which make Aqua fortis ſo oſfenſive to the 


ſmell. 
6. What I ſhall next propoſe, is performed at the ſame time, the A pleaſant 
cleventh experiment of taſtes is made. For the liquor. thereby produ- aromatic odour 
ced, if it be well prepared, has not only a ſpicy taſt, but alſo a kind —— 255 4 
of aromatic and pleaſant ſmell. And I have of it now by me, which 3260 — 
has, for ſome years, retained much of its former odour, tho not ſo ner ſweer. 
much of its taſt. | 

7. To a pound of Spaniſh wine, we put ſome ounces of oil of vi- 4 fragrtne 0 
triol; then keeping them, for a reaſonable time, in digeſtion, we ob- deu produced 


tained an odoriferous mixture. But this experiment is improved by "ys - _ 
that which follows. ſeented. 


8. We took good oil of blue Dantzick vitriol, tho the common will 3, ,z, ada 
ſerve; and having put to it, by degrees, an equal weight of {ſpirit of ien of an inc. 
wine, totally inflammable, we digeſted them together for two, three, 4e body, 4 
or four weeks, ſometimes much longer, and then with better ſuc- ans, 1 
ceſs; when we came to diſtil the mixture, we had a very fragrant ven 7» ſpirir 
ſpirit, which was ſometimes ſo ſubtile, that, tho' diſtilled in a of wine. 
tall glaſs, with a gentle heat, it would would pierce the lute, and fill 
the laboratory with a ſenſible perfame : whence we learn, both how 
much thoſe ſpirituous and inflammable particles, which chymiſts call 
the vegetable ſulphur of wine, may work on, and enoble a mineral 

Vo I. I. Aa a a ſulphur; 
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Paysrcs. ſulphur ; and how much the new contextures made by digeſtion, may 
Dalter the odours of bodies, whether vegetable, or mineral. That alſo 


The fore men- 
tioned fra 
grant body, 
brought to 
ſmell like gar- 
lick. 


another conſtitution of the ſame matter, without any manifeſt addi. 
tion or receſs of particles, may exhibit a very differing 1mell, will ap- 
pear by the following trial. 

9. 1 * more than once put the above-mentioned liquor into ſtopp'd 
glaſſes, whereof the one, and not the other, ſtood in a warm placc, 
till, in proceſs of time, I found that odoriferous liquor fo to degene- 
rate in point of ſcent, that one would have thought it had been 
ſtrongly infected with garlick. The like unpleaſant ſmell I ob- 
ſerved in a certain oil, made of vegetable and mineral ſubſtances di- 
ſtilled together. And on this occaſion, may be added an obſervation, 


which, tho' I ſhall not undertake it will always hold good; yet ſhews, 


The \mell of 
musk produ- 
ced with an 
inodorous bo- 
ay, and ano- 
ther not well 
ſcented. 


Pleaſant 
ſcents produ- 
ced with fixed 
metals, aud 
fetid or ſcent* 
leſs bodies, 


that a body, which itſelf 1s not only inodorous, but very fixed, may, 
in ſome caſes, have a great ſhare in the phenomena of odours. We 
put, then, to good ſalt of tartar, ſeveral times its weight of the ex- 
preſſed juice of onions, and kept them in a light digeſtion for a day 
or two; when unſtopping the vial, we found the former ſmell of the 
onions. quite degenerated into a rank ſmell of garlick, as we judged, 
even when freſh juice of garlick was compared therewith, 

10. By caſting into ſpirit of vitriol, a large proportion of ſmall 
pearls unbroken ; the action of the acid menſtruum upon them being 
moderated by its weakneſs, and by the intireneſs of the pearls, the 
diſſolution would ſometimes laſt for many hours; when, holding my 
noſe, from time to time, to the open orifice of the glaſs, it was eaſy 
to perceive a pleaſant musky ſmell, which others alſo took notice of, 
And I obſerved the like ſmell upon pearls, being diſſolved not only 
in ſpirit of vinegar, but in another liquor, which had but a bad ſcent 
of its own. | 

11. That gold is too fixed a body to emit any odour; and that 
Aqua regis has an odour, which is very ſtrong and offenſive, will be 
eaſily granted; yet Aurum fulminans being made by precipitating with 
the inodorous oil of tartar, the ſolution of the former in the latter, 
and this precipitate being to be farther treated, in order to another 
experiment, we fulminated it per ſe in a ſilver veſſel, like that, but 
better contrived, which is deſcribed by Glauber : and among other 


phenomena of this operation, we obſerved, that when the fulmination 


was juſt made, the fteams afforded by the metal, which had been 
fired, gave a delightful ſmell, not unlike that of musk. From which 
experiment, and the foregoing, we learn, that art, by lucky con- 
textures, may imitate the odours, which are preſumed to be natural 
and ſpecific, and that mineral and vegetable ſubſtances may com- 
pound a ſmell, which is thought peculiar to animals. And as art 
ſometimes imitates nature in the production of odours, (as may be 
confirmed by what is above related concerning counterfeit rasberry- 
wine; for thoſe, who drank it, believed they did not only taſt, but 


{melt 
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{melt the rasberry ;) ſo ſometimes nature ſeems to imitate herſelf, in Puxsies. 
giving like odours to bodies _—y differing. There is a certain 
0 


ſeed, which, for the affinity of its odour to that periume, they call 
the musk-ſeed ; ſome of which being preſented me from the V- 
Indies, 1 found it, whilſt freſh, to have a fragrancy ſuitable to the 
name, that was given it. There is, alſo, a ſort of rats in Muſcevy, 
whoſe skins have a ſmell, which has procured them the name of musk- 
rats. And I have ſeen a certain ſort of ducks, call'd musk-ducks ; be- 
cauſe at a certain ſeaſon of the year, if they are chaf'd by violent 
motion, they will, under the wing, emit a musky, inſtead of a ſweaty 
ſcent z which, upon trial, I found true. On the other ſide, I have 
known a certain wood, growing in the Indies, which, eſpecially when 
the ſcent is excited by rubbing, ſmells ſo rankly, and ſo like human 
dung, that one would ſwear that were held under his noſe. 

Tho” the fire generally impreſſes a ſtrong offenſive ſmell, which chy- 
miſts, therefore, call empyreumatical, upon the odorous bodies it works 
ſtrongly on; yet the conſtitution of a ſubſtance may be ſuch, that 
the new texture made of its parts, even by a violent fire, ſhall be 
fit to afford effluvia, rather agreeable to the organs of ſmelling, than 
any way offenſive. Having diſtilled Saccharum Saturni in a retort, with 
a ſtrong fire, I obtained, beſides a piercing and empyreumatical li- 
quor, which was driven over into the receiver, a large lump of Ca- 
ut mortuum ot a greyiſh colour, which, notwithſtanding the ſtrong 
impreſſion it receiv'd from the fire, had a pleaſing ſcent, and, when 
broken, ſmelt almoſt like a fine cake new baked, and broken whilft 
yet warm. And as the fire, notwithſtanding the empyreuma it uſu- 
ally gives to almoſt all the bodies it burns, may yet confer a good 
ſmell on ſome of them, if they be fitted, upon ſuch a contexture 
of their parts, to emit ſteams of ſuch a nature; we obſerve in the 
musk-animal, that nature, in that cat, or rather deer, produces musk 
by ſuch a change, as is in other animals, produces a putreta&ive ſcent. 
So that, provided a due conſtitution of parts be introduced into a por- 
tion of matter, it may, on that account, be endowed with noble, and 
deſirable ſcents, or other qualities; tho* that conſtitution were in- 
troduced by ſuch unlikely means, as combuſtion or putrefaction. An 


eminent profeſſor of mathematics affirmed to me, that chancing one 


day, with another mathematician, in the heat of ſummer, to paſs by a 
large dunghil, which was then in Lincolns-Inn-fields; when they came 
within a certain diſtance of it, they were both ſurprized to find a ve- 
ry ſtrong ſmell of musk; which each, for ſome time, was ſhy of ta- 
king notice of, for fear the other ſhould have laughed at him; but 
when they came much nearer the dunghil, that pleaſing ſmell was ſuc- 
ceeded by a ſcent, proper to ſuch a heap of excrements. And in- 
deed, tho” the excrements of animals, and particularly their ſweat, are 
uſually fetid ; yet, that this is not the nature of an excrement, but the 


conſtitutions uſually belonging to them, which make them ſo, hath 
Aaaa2 ſecmed 
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ſeemed probable. to me from ſome obſervations. For, not to- mention 


LAY SDL what is related of Alexander the great, I knew a gentleman of a very 


Gvod ſmells 
heighten'd by 
compoſition. 


my noſtrils would ſcarce have made me ſuſpect t 


happy temperature of body, whole ſweat, upon a critical examination, 
found to be fragrant ; which was alſo confirmed by ſome learned 
men of my acquaintance, and particularly, by a phyſician, who lay 
with him. Tho? civet uſually paſſes for a perfume ; yet it ſeems to 
be but a clammy excrement of the animal that affords it, which is 
ſecreted into bags, provided by nature to receive it. And upon. ſee- 
ing ſeveral of theſe civet- cats; I obſerved, that a certain degree of 
remiſsneſs in the odorous atmoſphere was requiſite to make the ſmell 
fragrant. For when J have been near the cages, where many of them 
were kept together, or any great veſſel, full of civet, the ſmell was rather 
rank, and offenſive, than agreeable z but when I removed to a con- 
venient diſtance, the ſteams being leſs crowded, and farther from their 
fountain, preſented themlelves as a perfume. And an ingenious lady 
ſhewed me an odd monky, which had been preſented her, as a rarity, 
by the Engliſh admiral ; telling me, amongſt other things, ſhe had ob- 
ſerved in it, that, being ſick, he would ſeek for ſpiders, as his pro- 
per remedy; which when he had eaten, the alteration it made in 
him, would ſometimes fill the room with a musky ſcent. 

12. It is well known to perfumers, that amber-greaſe alone, tho' 
eſteemed the beft and richeſt perfume in the world, has but a very 
faint and ſcarce pleaſant ſcent. And I have ſeen ſome hundreds of 
ounces together, newly brought from the Eaſt- Indies; but if I had not 
been before acquainted with the ſmell „ in the lump, 

oſe lumps to have 
been any thing of kin to amber-greaſe. This amber-greaſe is, if I am 
rightly inform'd, a vegetable production, iſſuing out of the root of a 
tree, which always ſhoots its root towards the ſea : and if it be plant- 
ed where the ſtream ſets to the fhoar, twill be caſt up to great ad- 
vantage. But if a due proportion of musk, or even civet, be dex- 
trouſly mixed with amber, the latent fragrancy, tho' it be thereby 
ſomewhat compounded, will be quickly called out, and exceedingly 
heightened. And indeed, it is not the great quantity of the richeſt 
ingredients, as amber-greaſe and musk, but the juſt proportion and 
Skilful mixture of them, that makes the nobleſt, and moſt laſting 
3 of which I have had ſufficient experience: ſo that with a 

r leſs quantity of musk and amber than perfumers themſelves em- 
ploy, we have had ſeveral perfumes, which, for fragrancy, were much 
preferr'd to thoſe, where musk and amber-greaſe are ſo plentifully uſed. 
The beſt proportion for their mixture ſeems to be eight parts of am- 
ber-greaſe, two of musk, and one of civet ; which quantities of ingre- 
dients, if skilfully and exactly mixed, will afford a good compoſition, 
wherewith to ennoble other materials, as benzoin, ſtorax, &o. fit to 
make paſtils, ointments for leather, &c. We may add, that upon ac- 
count of the new texture, acquired by compoſition, ſome things, which 
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are not fragrant themſelves, may much heighten the fragrancy of odo- Puars1cs. 


riferous bodies. And for liquid perfumes, I remember it was the ſe- 
cret of ſome court-ladies, noted for curioſity in perfuming, to mix al- 
ways a due proportion of wine-vinegar with the odoriferous ingredi- 
ents. And to ſhew the power of mixture in improving odours, I ſhall 
mention a liquor of mine, which was very favourably ſpoken of by 
perſons of quality, accuſtomed to choice perfumes. This liquor, tho 
thought an elaborate preparation, and which, to recommend it to ſuch 
whoſe critical palates can taſt the very titles of things, I called eſſence 
of musk, is, indeed, a very plain ſimple preparation, which I thus make. 
I take any quantity of choice musk, without finely powdering it, and 
pour thereon about a finger's breadth of pure ſpirit of wine; I ſet 
theſe, in a glaſs cloſely ſtopped, in a quiet place to digeft, without 
the help of any furnace, and after ſome days, or a few weeks, the 
ſpirit will, in the cold, have made a ſolution of the fineſt parts of 
the musk, and be thereby much tinged, but not of a red colour. 
This being decanted, I keep by itſelf as the richeſt of all; and pour 
like quantity of ſpirit on the remaining musk; and this, too, uſually 
will, in-the cold, tho' more ſlowly, draw a tin&ure, but fainter than-the 
former, which being poured off, the remaining musk may be employ- 
ed for inferior uſes. I mention this preparation, becauſe the firſt tin- 
cture, being ſmelt to by itſelf, has but a faint, and no very pleaſing 
odour of musk; ſo that every one wou'd not expect there was musk 
in it; but if a fingle drop were mixed with a pint, or perhaps a 
quart of ſack, the whole body of the wine would preſently acquire a 
conſiderable musky ſcent, and be ſo. richly perfumed, both in taft, and 
ſmell, as ſeemed ſtrange to thoſe, who knew the vaſt diſproportion of 


the ingredients, 
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EAT and cold being generally eſteem'd the moſt active among 
qualities, from which feveral others are deducible, and by 
which many phenomena of nature are explicable; it will be 


4 Proper to ſhew how they may either be mechanically produced or 


To produce a 
great degree 
of colaneſs, at 
any time of the 
year. 


eſtroyed. 

1. To produce a conſiderable degree of cold at any time of the 
year, without ſnow, ice, hail, wind, or nitre, take one pound of 
powdered ſal- armoniac, and about three pounds of water; put the ſalt 
into the liquor either all together, if you would produce an intenſe 


ort coldneſs; or at three or four times, if you deſire, that the cold 


ſhould rather laſt ſomewhat longer than be great; ſtir the powder 


in the liquor, with any thing that will not be injur'd by the fretting 


brine, to haſten the diſſolution of the ſalt; upon the quickneſs of 


which very much depends the intenſeneſs of the cold, that will en- 
ſue upon this experiment. | 

That a conſiderable degree of cold is here produced, will evidently 
appear to the touch; and if you make the experiment in a glaſs bo- 


dy, you may obſerve, that while the ſalt diſſolves, the outſide of the 


veiſel will, as high as the mixture reaches, he bedewed with a mul- 


titude of little drops of water; as happens when mixtures of ſnow and 


ſalt, being put into glaſſes, the aqueous vapours that float in the air, 
and paſs along the ſides of the veſſel, are, by the coldneſs thereof, 


condenſed into water. And in our ſolution you may obſerve, if you 


wipe oft the dew from any particular part of the outſide of the veſ- 


ſel, 
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ſel, whilſt the ſolution goes vigorouſly on, it will quickly collect freſh | Pursics. 
dew, which will ſometimes be large enough to run down the ſides off 
the veſſel. But the beſt and ſureſt way of proving the coldneſs of 
the mixture, 1s by plunging into it a good ſealed weather-glaſs, fur- 
niſhed with tinged ſpirit of wine: for the ball of this, being put in- 
to our frigorific mixture, the crimſon liquor will ſuddenly deſcend much 
lower, than when it was kept either in the open air, or in common 
water, of the ſame temper with that, wherein the {al-armoniac was 
put to diſſolve. And if you remove the glaſs out of our mixture in- 
to common water, the tinged ſpirit will aſcend, according to the longer 
or ſhorter time, that it continued in the ſolution. And this hath ſuc- 
ceeded, when, inſtead of removing it into common water, I removed it 
into water newly impregnated with fſalt-peter. 

The duration of the cold produced by this experiment, depends on 
ſeveral circumſtances, as, 1. The ſeaſon of the year, and the preſent 
temper of the air; for in ſummer and hot weather, the cold will 
ſooner decay and expire. 2. Upon the quantity of ſalt and water; 
for if both theſe be great, the effect will be more laſting and conſi- 
derable. 3. We may probably, add the goodneſs and fitneſs of the 
ſalt employed; for ſome trials have tempted me to ſuſpect, that there 
may be a conſiderable diſparity, as to their fitneſs to produce cold, 
betwixt parcels of ſalt that are, without ſcruple, taken for fal-armo- 
niac. 4. The duration of the cold may be conceived to depend, alſo, 
upon the way of putting the ſalt into water. I have often tried, that 
when the tinged {pirit ſubſided but flowly, or was at a ſtand, that 
by putting in, from time to time, two or three ſpoonfuls of freſh alt, 
and ſtirring the water, the ſpirit of wine would again deſcend much 
more ſwi'tly. And if you would lengthen the experiment, let part 
of the ſal-· armoniac be but grolly beaten, that it may be the longer 
in diſſolving. Whilſt dewy drops are produced on the outſide of the 
veſſel, it's a ſign that the cold within continues pretty ſtrong; for 
when it ceaſes, theſe drops, eſpecially in warm weather, will, by degrees, 
vaniſh. But a ſurer way of meaſuring the duration of the cold is, 
by removing, from time to time, the ſealed weather-glaſs, out of the 
ſaline mixture into the ſame common water, with part of which it 
was made. I have in the ſpring-ſeaſon, by a good weather-glaſs, found 
a ſenſible adventitious cold, made by a pound of fal-armoniac, to laſt 
about two or three hours. 

March 27. In the ſealed weather-glaſs, when firſt put into the wa- 
ter, the tinged ſpirit reſted at 85 inches; being ſuffered to ſtay there 
a good while, and now and then ſtirred in the water, at length it 
deſcended a little beneath 75 inches; then the ſal-armoniac being put 
in, within about a quarter of an hour, or a little more, it deſcen ed 
to 215 inches; but in half a quarter of an hour, it began mamiteſtly 
to freeze the vapours and drops o“ water on the outfide of the glals. 
And when the frigorific power was arrived at its height, I, ſeveral 


times, 
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pursics: times, found, that water thinly placed on the outſide, whilſt the mix. 
ture within was nimbly ſtirred, would freeze in a quarter of a mi- 


nute. At about 4 of an hour after the infrigidating body was put 
in, the thermometer, that had been taken out a while before, and was 
yet riſen but to the loweſt freezing mark, being again put into the 
liquor, fell an inch below the mark. At about 25 hours from the 
firſt lolution of the falt, I found the tinged liquor to be in the midſt 
between the freezing marks, whereof there was one at 5 inches (at 
which height when the tincture reſted, it would uſually be a ſmall 
froſt abroad) and the other at 44 inches; the height to which ſtrong 
and durable froſts had reduced the liquor in the winter. Within 
three hours after the beginning of the operation, I found not the 
crimſon liquor higher than the upper freezing mark, juſt mentioned ; 
after which, it continued to riſe very ſlowly, for about an hour lon- 
ger. The frigorific mixture, having been made in a glaſs body, with 
a large flattiſh bottom, a quantity of water, purpoſely ſpilt upon the 
table, was, by the operation of the mixture within the glaſs, made 
ſtrongly to freeze the bottom of the cucurbite to the table ; that ſtag- 
nant liquor being turned into ſolid ice, which continued for a conſi- 
derable while unthawed, and was, in ſome places, about the thickneſs 
of a halt-crown piece. | 

At another time, during the ſame ſpring, the ſealed weather-glaſs, 
which before it touched the common water, ſtood at 84 having been 
left there a conſiderable while, and once or twice agitated in the wa- 
ter, the tinged liquor ſunk but to 973, or at the fartheſt 74; then the 
frigorific liquor being put into the water, with diſadvantageous cir- 
cumſtances; in about half a quarter of an hour, the tinged liquor fell 
beneath 74; and the thermometer being taken out, and put in again, 
an hour after the water had been firſt cooled, ſubſided beneath five 
inches, and conſequently was within 4 inch of the mark of the ſtrong- 
ly freezing weather. 

The grand thing, likely to keep this experiment from being gene- 
rally uſeful in cooling liquors, &c. is the dearneſs of ſal-armoniac, 
which might come much cheaper, if, inſtead of fetching it from be- 
yond ſea, we made it at home; which may be eaſily done. And 
thoꝰ a ſolution of fal-armoniac, being boiled up in earthen veſſels, (glaſs 
ones being too chargeable) will loſe the more ſubtile parts, and there- 
by impair the texture of the reſt; yet I have found, that the dry 
falt, remaining in pipkins, being diſſolved in a due proportion of wa- 
ter, would very conſiderably infrigidate it. | 
March 29. The thermometer, that in the air was at 83 inches, be- 
ing put into a large evaporating glaſs, filled with water, fell, (af- 
ter it ſtaid a pretty while, and had been agitated in the liquor) to 
eight inches; and then about half the falt, or lefs, that had been uſed 
twice before, and felt much leſs cold than the water, being put in, 
ard ftirced about, the tinged ſpirit ſubſided till it was fallen —_— 

our 
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four inches, and then, having cauſed ſome water to be freſh pumped 
and brought in, tho' the ſolution were mixed with it, yet it preſently 
made the ſpirit of wine manifeſtly to aſcend in the inſtrument, much 
faſter than one would have expetted. To cool liquors with this mix- 
ture, put them into thin glaſſes ; and their orifices being ſtop'd and kept 
above the mixture, move them about therein, and then pour them out 
for drinking. By means hereof pieces of cryſtal, or bullets, may be 
powerfully cooled, to beheld in the mouth or hands of thole patients 
who require them; or other the like refreſhment may be eaſily pro- 
cured, with a very few ounces of ſal- armoniac, well powder'd and tud- 
denly diſſolved in fout times its weight of water. * 
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2. And to ſhew that a more intenſe degree of cold may reſult from the £4 coldneſs pro» 
mixture, than was to be found in either of the ingredients apart; and duced by the 


alſo that a confiderable coldneſs may be begun between bodies, neither 


of them actually cold before they were put together; having brought 
a glaſs full of water to ſuch a temper, that its warmth made the ſpi- 
rit of wine in the ſealed weather-glaſs manifeſtly aſcend, I took out 
the thermometer, and laid it in powdered ſal-armoniac, warmed before 
hand; whereby the tinged liquor was made to aſcend much 
quicker than, juft before, by the water; and having preſently re- 
moved the inſtrument into that liquor again, and poured the warmiſh 
ſal-armoniac into the ſame, I found, that within half a minute, or leſs, 
the ſpirit of wine began to ſubſide, and fell above a whole diviſion 
and a quarter, below the mark at which it ſtood in the water, before 
that liquor or the falt were warmed. Nor did the ſpirit, in a great 
while, re-aſcend to the height it had when the water was cold. The 
ſme experiment we made at another time with the like ſuccels. 

3. To ſhew, likewiſe, how much the production of heat and cold de- 
pends upon texture, and other mechanical properties, I made a ſal- 
armoniac after a particular manner, that I might know the effects of 
the ingredients, as well before, as after conjunttion. I took, then, ſpirit 
of ſalt, and ſpirit of fermented, or rather 3 urine; and having 
put a ſealed weather-glaſs in an open veſſel, into which one of them 
was poured, I added the other, by degrees, to it; and obſerved, that, 
as upon mixing, they made a great noiſe, with many bubbles, ſo 
in the conflict, they loſt their former coldneſs, and impelled up the 
ſpirit of wine in the ſealed thermometer ; then, ſlowly evaporating the 
ſuperfluous moiſture, - I obtained a fine ſort of ſal- armoniac, for the 
moſt part figured not unlike the other, when, being ditfolv'd, and 
filtred, it is carefully coagulated. This new ſalt being gently dried, 
put it into a wide glaſs of water, wherein I had before placed a ſealed 


For a great degree of cold produced | mechanical account of them, See, Phileſ. 
by mercury ſublimate, ſal-armoniac, and | Travſ. N'. 274. b. 951. and the French 
diſtill'd vinegar ; with. many other cold | Memoirs. A. 1700. P. 142. | 
diſſolutions and fermentations, with the | | 
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Puysics. weather-glaſs, that the included ſpirit might acquire the temper of 
the ambient liquor; and having ſtirred this ſalt in the water, tho? 1 
took it then off the mantle-piece of a chimney, wherein there had been 

a fire for ſeveral hours before, it made the tinged ſpirit haſtily ſubſide. 
Heat produced 4. We took a {mall ſeal'd thermometer, whole ſtem was divided in- 
by — * to equal parts, by little ſpecks of amel, that ſharp liquors might not 
me” cat off or ſpoil the marks. The ball of this inſtrument we put into a 
ſlender cylindrical veſſel, and more than coverd it with ſtrong 
oil of vitriol, and left it there a while to be reduc'd to the t aper 
of the ſurrounding liquor. Then we caſt upon it, by degrees, 1ai-ar- 
moniac grofly powder'd, which being ſoon uriouſly wrought on by the 
menſtruum; a ſeeming efferveſcence was produced in the conilict, with 
great noile and much troth, which more than once was ready to run 
out of the veſſel. But for all this ſeeming ebullition, the mixture, 
inſtead of growing hot, did really grow gradually colder, as appear'd 
not only to the touch, but by the deſcent of the tinged ſpicit of 
wine. But pouring this actually cold mixture into three or four 
times its weight of common water, that was likewiſe actually cold; 
this ſecond mixture immediately grew ſo hot, that I cou'd not keep 

my finger for a minnte or two upon the outſide of the containing glaſs. 
Ebvllition x» F. We took an acid ſpirit, diſtilled from roch-alum, and put into a wide- 
argument of mouth'd glaſs, more than was ſufficient of it to cover the globular part 
*. of a good ſeal'd thermometer; then ſuffering the inſtrument to remain 
for ſome time in the liquor, to acquire the temper thereof, we put in, 
by degrees, ſome volatile ſalt, ſublimed from ſal-armoniac and 
a fixed alkali; when, notwithſtanding the very numerous bubbles, and the 
noiſe and. froth which were produced,. as is uſual upon the reac- 
tion of acids and alkalies, the tinged ſpirit in the weather-glaſs be- 
gan a little to deſcend, and continued to do ſo, till the ſpirit of al- 
lum was glutted with the volatile-ſalt ; the deſcent of the tinged liquor 
in the inſtrument amounting to an inch. By comparing this experiment 
with the firſt part of the third, it appears that when volatile 
q and urinous ſalts or ſpirits tumultuate upon their mixture with acids; 
| neither the heat nor the cold, which enſues, is produced by a conflict 
| with the acids, merely upon account of their acidity ; ſince we have 
| ſeen, that an urinous ſpirit produced an actual heat with ſpirit of ſalt; 
| and the diſtilled ſalt of fal-armoniac, which is alſo urinous, with the acid 
| ſpirit of roch-alum, produces not a true efferveſcence, but a manifeſt cold- 

| nels : as the ſame ſalt alſo did in a trial of another ſort, which was this. 

| 6. We took one part of oil of vitriol, and ſhaking it into twelve 
| parts of water, made a mixture, which at firſt was ſenſibly warm 
| then ſuffering it to cool, we put a ſufficient quantity thereof, into a 
| wide-mouth'd glaſs, and placed in it a good thermometer hermetically 
| ſealed ; the compound liquor, reaching a pretty. way above its ball: 
| after ſome time had been allow'd, for the liquor in the thermometer 
| to acquire the temper of the external one; we gradually put in as much 
volatile falt of fakarmoniac, as ſatiated the acid ſpirits of the mix- 
ure: 
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ture. Now though theſe two made a notable conflict with noiſe 


mometer deſcended about an inch beneath the mark it reſted at, when 
the ſeeming efferveſcence began. 


7. It is known that ſalt-petre being put into common water, produces The ſam? body 


a ſenſible coldneſs therein, as it doth allo in many other liquors ; _ cools ſome 
iquors may 


heat ot bers. 


but that the ſame ſalt, put into a liquor of another conſtitution, 
may have a quite different effect, appears by mixing eight ounces of 
fine falt-petre in powder, with ſix ounces of oil of viotriol: for here a ſalt, 
not only actually cold, but, with 3 to many other bodies, po- 
tentially ſo, with the oil of vitriol, which is ſenſibly cold too, 


| quickly conceives a conſiderable degree of heat, whoſe effects alſo 


become viſible in the plenty of fumes, emitted by the heated 
mixture. And tho* gunpowder ſeems to be of a very fiery nature, yet 
if ſome ounces of it, reduced to powder, be thrown into four or 
five times as much water, it will very maniteſtly impart a coldneſs to 
it; as experience made with, as well as without, a ſealed thermometer 
has aſſured me. This, and the foregoing experiment, ſuggeſts an in- 
quiry into the nature of the coldneſs, which philoſophers oppoſe to 
that which immediately, and upon the firſt contact, affects the organs 
of ſenſe 3 and which, therefore, they call actual or formal. We repeated 
the former experiment with the ſame ſucceſs ; and the phenomenon is the 
more ſtrange, becauſe I have found, that a ſmall quantity of oil of 
vitriol, not beforehand mixed with water, would produce a great heat in 
its conflict with a ſmall portion of juſt ſuch ſalt as I employ'd before: 
and this heat did, upon trial, with the ſame themometer, make the tinged 
ſpirit aſcend much farther than the other mixture made it ſubſide. 

8. Potential coldneſs has been generally look'd upon as ſo abſtruſe a 
quality, that it ſeem'd neceſſary to derive it from the ſubſtantial 
forms of bodies. But I think it may be aſcrib'd to mechanical pro- 
perties. For as to the chief inſtances thereof, which are taken from 
the effects of ſome medicines and aliments in the human body, the 
coldneſs produc'd, may proceed chiefly from hence, that the body po- 
tentially cold, is made up of corpuſcles of ſuch ſize, ſnape, &c. that 
being diſolved, and disjoined by the menſtruum of the ſtomach, or 
the fluids it may elſewhere meet with, they ſo affociate themſelves 
with the ſmall parts of the blood, and other liquors, as by clogging 
them, or otherwiſe, to cauſe them to att in a gm way, and more 
ſlowly, on the nervous and fibrous parts: and the perception of this 
imminution of motion in the organs of feeling is that, which, being 
referred to the body producing it, we call its potential coldneſs. 
Which quality hence appears to be but a relative thing, and to require 
the diffuſion of the ſmall parts of the corpulcles of the agent, and their 
mixture with the liquors, or the ſmall parts of the body they are to cool. 
And therefore, if it be granted that there is in agues, ſome morbific mat- 
ter of a viſcous, or not eaſily diſſipable texture, harboured in ſome 
part of the body, which requires a determinate time to be made 
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Pursics. fluid, and reſolvable ; the cold fits of agues need not appear ſur. 
LANNY Prizing ; ſince, tho' juſt before the fit, the ſame parcel of matter, 


which is to produce it, was actually in the body; yet it was not, 
by reaſon of its clammineſs, actually reſolved into ſuch parts, and 
mixed with thoſe of the blood ; and conſequently could not make 
ſuch a change in the motion of that fluid, as is ielt in the cold fit of an 
ague. And in ſome other diſeaſes, a ſmall quantity of matter, being 
reſolved into minute parts, may produce a great ſenſe of coldneſs in a 
particular part of the body, which, by. reaſon of its ſtructure, may 
be peculiarly diſpoſed to be affected thereby; as hyſterical women 
com plain of great coldneſs, which ſuddenly invades ſome particular 
part, as the head or back, and long continues to be troubleſome there, 
And chat, if a cold vapour or matter be exceeding ſubtile, an inconſiderable 
quantity of it, being diſperſed through the blood, may produce a great 
degree of coldneſs, appears from the effects of ſome poiſons, And it 
is not very material, whether the poiſon, generally ſpeaking, be hot 
or cold, if it meets with a body diſpoſed. ta have thoſe affections, 
which paſs tor cold ones, produced in it. For I have made a chymical 
liquor, which, tho fiery upon the palat, and poſſels'd of a briskneſs and 
a.iubtilty from diſtillation, given in the quantity of a ſingle drop, wou'd 
immediately caſt an animal into that which appear'd aſleep; and the like 
liquor, in the like quantity, being by miſtake applied to an aching tooth, 
preſently gave an univerſal coldneſs and trembling to the body, worſe 
than the cold paroxyſm of a quartan. And tho N by their ſting, 
ſometimes cauſe violent heats in the parts they hurt, yet ſometimes 
alio, their poiſon proves in a high degree potentially cold; as may 
be learn'd trom the two following obſervations, of eminent phyſicians. 
J had a ſervant,” ſays Benivenius, who being ſtung. by a ſcorpion, im- 
4 mediately afterwards fell into ſo cold a ſweat all over his body, that 
© he complain'd he was every way cover'd with ice and ſnow. But 
c he was preſently relieved: from it, and cured by a dole of Venice 
ce treacle given in ſome ſtrong wine.” And Amatus Luſitanus tells us of 
a man ftung in the finger by. a ſcorpion, whence great pain enſued, 
with an univerſal coldneſs and trembling, and the ſenſe, as it were, 
of needles pricking his whole skin. 

Perhaps in theſe great refrigerations, there may be ſome ſmall con- 
cretions or coagulations made of the minute particles of the blood into 
little clots, more unweildy than they were, when ſeparately moved ; 
as happens in the little curdlings, made of the parts of milk, by a 
very ſmall proportion of ſome acid liquor; or in the ſmall coagulations 
made of the ſpirit of wine by that of urine. Perhaps alſo beſides the 
lla kening of the circulation of the blood, ſome poiſons, aud other ana- 
logous agents, may give the motion of it a new modification, and thereby 
cauſe it to grate, or act in a peculiar manner upon the nervous and 
fibrous parts of the body. And, as ſome parts of the human body 
greatly, differ from others, in their ſtructure and internal conſtitution ; 
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and fince alſo ſome agents may abound in corpuſcles of different ſhapes; Pursics. 
bulks and motions; the ſame medicine may, with regard to the ſame = . 


human body, be | ms. cold, or potentially hot, according as it 
is applied; or, perhaps, upon one or both of theſe accounts, be cold 
with reſpect to one part of the body, and hot in regard of another. 
And theſe effects need not be always aſcribed to the mere, and im- 

mediate action of the corpuſcles of the medicine, but ſometimes to 
the new quality they acquire in their paſſage, by atſociating themſelves 
with the blood, or other fluids of the body ; or to the expulſion of 
ſome heating or cooling corpuſcles; or to the diſpoſition they give 
the part on which they operate, to be more or leſs permeated and 
agitated than before, by ſome ſubtile matter, or other efficients of 
heat or cold. Some of theſe conjectures, about the relative na- 
ture of bodies potentially cold, may be either confirmed or illuſtrated 
by ſuch inſtances as theſe. Spirit of wine, internally taken; is potenti- 
ally very. hot, yet being outwardly applied to burns, and hot tumours, 
it conſiderably abates the heat of the inflamed parts; tho? the ſame ſpi- 
rit, applied even outwardly to a tender eye, will cauſe a great and 
painful agitation therein. And camphire, which, in the doſe of leſs 
than an half a ſcruple, has been obſerved to diffuſe an heat thro' the 
body, is, with ſucceſs, externally applied in cooling medicines. But I 
leave the farther enquiry into the operations of medicines to phyſi- 
cians, Who may poſſibly, by what has been ſaid, be aſſiſted to re- 
concile the differences of writers about the temper of thoſe medicines, 
as mercury, camphire, &c. which ſome will have to be cold, and 
others hot; and ſhall only offer a few particulars to ſhew, in general, 
that potential coldneſs is only a relative quality. The firft is af- 
forded by comparing the two laſt experiments together; whence it 
ſeems probable, that the ſame thing may be potentially cold to one 
body, and not to another, according to the diſpoſition of the body 
whereon it operates, or that operates upon it. The fumes of lead 
have been ſometimes obſerved to arreſt the fluidity of mercury, which 
change is ſuppoſed to be the effect of a potential coldneſs, belong- 
ing to lead, with regard to fluid mercury, tho' it have not that ope-- 
ration on any other liquor, that we know of. And laſtly, tho' nitre, 
and ſal-armoniac, be both apart, and jointly cold, with reſpe*t to water; 
and tho' nitre, however throughly melted in a crucible, wilt not of it- 
ſelf take fire, yet if, whilſt it is in ſuſion, you, by degrees, caſt on it 
ſome powdered ſal-armoniac, it will take fire, and flaſh. vehemently, 
almoſt as if ſulphur had been - thereon injected. 


9. To twelve ounces of ſal-armoniac, we put, by degrees, an equal jy produces - 
weight of water; and whi'ft. the liquor diſſolved the ſalt, and by & the join: 


that action produced a great coldnels, we warily poured in twelve 
ounces of good oil of vitriol; whence a notable degree of heat 
was quickly produced in the glaſs, wherein the ingredients were 


mixed; though it ſeemd unlikely, that as each of the rately, g 
. two Froauce cold. . 
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two liquors uſually, with ſal-· armoniac, produce an intenſe cold, that both 
of them acting on it together, ſhould produce the contrary quality. 

10. In moſt of the experiments hitherto propoſed, cold is regu- 
larly produced in a mechanical way; but in ſome ſort of trials, I found 
the event varied by unobſerved circumſtances; ſo that manifeſt cold- 
neſs would be ſometimes produced by mixing two bodies together, 


. which, at another time, would upon uniting diſcloſe a manifeſt heat; 


and ſometimes again, tho* more rarely, would have but a very faint 
degree of either. Of this ſort of experiments I found to be the diſ- 
ſolution of ſalt of tartar in ſpirit of vinegar, and ſome other falts, 
which were not acid, in the ſame menſtruum: and even the ſpirit of 


verdigreaſe, (made per ſe) tho' a more powerful menſtruum, than com- 


mon ſpirit of vinegar, would not conſtantly produce near ſuch an heat 


_ at the beginning of its operation, as the greatneſs of the ſeeming ef- 


ferveſcence, then excited, would induce one to expect. To eight ounces 
of ſpirit of verdigreaſe (wherein we had a while before put a ſtandard- 
thermometer, to acquire the like temper with the liquor) we added 
in a wide-mouthed glaſs two ounces of ſalt of tartar, as faſt as we 
durſt, for fear of making the liquor boil over; and tho' there was a 
great commotion excited by the action, and re- action of the ingredi- 
ents, attended with a large froth, and a hiſſing noiſe; yet the glaſs 
did not ſoon become warm on the outſide; but by that time the falt 
was all diffolved, the ſpirit in the thermometer appeared to have riſen 
three inches and a half. On the other hand, I have found, that 
by mixing falt of tartar with another ſalt, the texture of the fixed 
alkali was ſo altered, that upon the affuſion of ſpirit of verdigreaſe, 
tho” there enſued a great conflict with noiſe and bubbles, yet inſtead 
of heat, a confiderable degree of coldneſs was produced. 

11. It is very probable, that farther trials will furniſh us with more in- 
ſtances, to ſhew how the production of cold may, in ſome caſes, be effect- 
ed, varied, or hinder'd by mechanical circumſtances, which are uſually 
overlooked. We obſerved, in the experiment lately mention'd, that 
tho' the oil of vitriol and water, being firſt ſhaken together, and the 
volatile ſalt of ſal-armoniac, afterwards put to them, produced a ſen- 
ſible coldneſs; yet if a little oil of vitriol, and of the volatile ſalt were 
firſt put together, tho* ſoon after a conſiderable proportion of water 
was added, there would be produced not a coldneſs, but a manifeſt 
degree of heat, which impell'd the ſpirit in the thermometer to the 


height of ſome inches. I remember too, tho' ſalt of tartar grows 


hot in water, yet having diſtilled ſome of that, and cinnabar, in a 
ſtrong fire, and put the whole Caput mortuum into diſtilled or rain- water, 
it made, indeed, an hifling there, as if it had been quick-lime, but pro- 
duced no ſenſible heat. And not only ſome unheeded circumſtances may 
promote or hinder the artificial production of cold by particular agents, 
but, perhaps, ſome hardly obſervable indiſpoſition in the patient, may 
promote or hinder the effects of the grand, and univerſal — * 

| cold; 
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cold; for I have ſometimes found, that the degree of the operation of Purs1cs. 
cold has been much varied by latent circumſtances; ſome bodies be- Lg 
ing more wrought upon, and others leſs, than we, upon very proba- 
ble grounds, expected. And particularly, I remember, tho' oil of vi- 
triol be one of the moſt fiery liquors yet known, performs ſome 
of the operations of fire itſelf, and thaws ice, ſooner than ſpirit 
of wine, or any other liquor; yet having put about a pound of fine 
rectified oil of vitriol into a ſtrong glaſs-vial proportionable to it, 
we found that, except a little, which was fluid at the top, it was all 
congealed, or coagulated into a maſs, like ice, tho the glaſs ſtood in 
a laboratory, where a fire was conftantly kept not far from it, and 
where oil of vitriol very ſeldom, or never, has before, or ſince, been 
oblerved to congeal ſo much as in part. The oddneſs of our phenome- 
non was increaſed by this circumſtance, that the maſs continued ſolid, 
for a long time after the weather was grown too mild to have ſuch 
operations upon liquors, much more diſpoſed to loſe their fluidity 
by cold, than even common oil of vitriol. On the other hand, ha- 
ving.expoſed ſome oil of ſweet almonds, hermetically ſealed up in a glaſs- 
bubble, to oblerve what condenſation an intenſe cold would make of 
it, (for tho' cold expands water, it condenſes common oil;) I found 
the next day, that not only the oil remained unfrozen by the ſharp 
froſt, whereto it had been expoſed ; but that it had not its tranſpa- 
rency diminiſhed, tho? it is known that oil will be brought to con- 
crete by a far leſs degree of cold, than is requiſite to freeze water. 
This liquor, nevertheleis, which was lodged in a glaſs, blown at the 
flame of a lamp, continued fluid, and tranſparent in very froſty wea- 
ther ſo long, that I never expected to ſee it congealed. And tho cam- 
phire is often reckoned potentially cold, yet ſome oil of it, wherein 
the whole body of the camphire remained, reduced by. ſome nitrous 
ſpirits to that form, being kept in ſuch intenſe degrees of cold, that 
. have eaſily frozen water, it loſt not its tranſparency, or flui- 
ity. | 


*The power of congelation is not al- tain ſalts with water give a great de- 
ways proportionable to the degree of | gree of coldneſs, and ſometimes, when 
cold, but ſeems, in ſome meaſure, to de- | the proportions have been nicely hit, 
pend on other alterations in the wea- | turn it to ice, that a particular kind 
ther; and actual cold, ſeems not ow- | of ſalt is the cauſe of congelation, by 
ing to a mere reſt of parts among them- | inſinuating between the particles of wa- 
ſelves; nor can hardneſs proceed from a | ter like nails, and — — together; 
mere deprivation of motion; whence it | tho' this is but a conjecture. See Clark. 
appears probable, ſince. a mixture of cer- I Amer, in Rohault, p. 117. 148. 
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Heat mcf ani- LI Eat will appear the more likely to be mechanically producible, 
cally produci- from conſidering the nature of it. And this ſeems principal 
* to conſiſt in that mechanical property of matter we call motion; ich 
ita en re- is ſubject to three conditions. Firſt, the agitation of the parts muſt 
quiſite to heat. be vehement; for this diſtinguiſhes the bodies ſaid to be hot, from 
thoſe which are barely fluid. Thus the particles of water, in its na- 
tural ſtate, move ſo calmly, that we do not feel it at all warm, tho? it 
could not be a liquor, unleſs they were in a reſtleſs motion; but when 
water comes to be actually hot, the motion manifeſtly, and proportion- 
ably appears more vehement; ſince it does not only ſtrike our organs 
of feeling briskly, but ordinarily produces numerous very ſmall bubbles, 
melts coagulated oil caſt upon it, and affords vapours, which, by their 
agitation, aſcend into the air. And if the degree of heat be ſuch, as 
to make the water boil, then the agitation becomes much more 
manifeſt, by the confuſed motions, waves, noiſe, bubbles, and other 
obvious effects excited therein. Thus in a heated iron, the ve- 
hement agitation of the parts may be eaſily inferred from the motion, 
and hiſſing noiſe it makes with the drops of water, that fall upon 
it. And fire, which is the hotteſt body we know, conſiſts of parts 
ſo vehemently agitated, that the —_— fly off in ſwarms, and 
diſſipate all the combuſtible bodies they meet with in their way; 
making ſo fierce a diffolution, and great conſumption of its own fewel, 
that we may ſee whole piles of ſolid wood ſo diſſipated into flame, 
and ſmoke, that ſometimes there will not be one pound of aſhes re- 

maining. 
"#nd various, The ſecond condition is, that the determinations be very various, and 
determinati- tend all manner of ways. This variety of determinations appears to be 
on,. in hot bodies, both by ſome of the inſtances already mentioned, and 
eſpecially that of flame, which is a body; by the diffuſion, which me- 
tals acquire, when, melted; and by the operations of heat, exerciſed 
by hot bodies upon others, in what poſture or ſituation ſoever the 
body, to be heated thereby, is applied to them. Thus a coal, tho- 
roughly kindled, will appear on all ſides red, and melt wax, and kin- 
dle brimſtone, whether the body be applied to the upper, the low- 
er, or to any other part of it. And according to this notion, tho? 
air and water be moved ever ſo vehemently, as in high winds, and 
cataracts, yet we are not to expect they ſhould thence become mani- 
feſtly hot; becauſe the vehemence belongs to the progreſſive motion 
of the whole body; notwithſtanding which, the parts it conſiſts of 
may not be near ſo much accelerated in the motions, made accord- 
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ing to other determinations, as to become ſenſibly hot. No wonder Pursrcs. 
then, that, in ſome caſes, where the whole body tends but one way, 
it is not perceived to be made hot thereby. 

Nay, tho” the agitation be very various, as well as vehement, there is yet 2557 rhe mo» 
a third condition required, to make a body hot. For the agitated par- wing particle; 
ticles, or at leaſt, the greateſt number of them, mult be ſo minute, as to be Heul be ſmal. 
ſingly inſenſible. Were an heap of ſand to be vehemently agitated by a 
whirl-wind, the bulk of the corpuſcles would keep their agitation from 
being properly heat; tho' by their numerous ſtrokes upon a man's face, 
and the brisk commotion of the ſpirits, and other ſmall particles, 
which may thence enſue, they may perhaps produce that quality. 

1. Hence, if we duly attend to this notion of the nature of heat, tis Farious me- 

eaſy to diſcern, how it may, ſeveral ways, be mechanically produced. 7 2 
For, except in ſome few anomalous caſes, by whatever means the inſenſible 4 th" 
parts of a body are put into a very confuſed and vehement agitation, heat 
will be introduced into that body. And as there are leveral agents 
and operations, by which this heating motion may be excited; ſo 
there muſt be ſeveral mechanical ways of producing heat. Vari- 
ous experiments may be reduced to almoſt each ot theſe heads; chance it- 
ſelf having, in the laboratories of chymiſts, afforded ſeveral phenomena, 
referable thereto. Many of the more familiar inſtances, applicable to 
this purpoſe, are collected by the lord Yerulam, in his excellent pa- 
per, De forma calidi. There are leveral cauſes aſſign'd for the heat 
oblerved in quick-lime, upon the alluſion of cold water; which to me 
ſeem either juſtly queſtionable, or maniteſtly erroneous. The ſchools 
tell us, it happens by virtue of an antiperiſtaſis, or invigoration of the 
internal heat of the lime, upon its being ſurrounded by cold water : 
but this is an imaginary caule ; for if the water be poured on very hot, 
the ebullition of the lime will not be the leſs, but rather greater : 
and oil of turpentine, which is a lighter, and more ſubtile liquor 
than water, will not, tho* poured on cold, grow ſenſibly hot with it. 
Helmont indeed, and his followers, have attempted to derive this heat, 
from the conflict of ſome alkalizate and acid falts of the quick-lime, 
which are diſſolved, and ſo ſet at liberty to fight with one another, 
by the water that flakes it. But tho' we have ſome manifeſt marks 
of an alkalizate ſalt in lime, yet that it contains, allo, an acid ſalt, 
has not been proved; and if the heat be a ſufficient reaſon to prove 
1 latent acid ſalt in lime, Why may we not inter, that the like ſalt lies 
concealed in other bodies, which the chymiſts take to be of the pur- 
eſt ſort of alkalies? For I have purpoſely tried, that, by putting a con- 
ſiderable quantity of dry ſalt of tartar in the palm of my hand, and 
wetting it well with cold water, there has been a very ſenſible heat 
produced in the mixture: and when I have made the trial, with a 
larger quantity of falt and water, in a Vial, the heat proved very in- 
tenle, and continued to be ſenſible for a long time alter. 
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2. This experiment ſeems to ſhew, that the heat proceeds from the 


A empyreuma, or impreſſion left by the violent fire, that reduced the 


ſtone to lime. But if by empyreuma, we mean a bare impreſſion made 
by the fire, *twill be difficult to ſhew wherein it conſiſts, and how it 
operates in this caſe. The effect may be, alto, aſcribed to ſwarms of 
fiery particles, adhering to the ſubſtance of the lime, and ſet at li- 
berty to fly away, by the liquor; as may be conjettured from the ſlak- 
ing of lime, leit, for ſome time, in the air, whereby the atoms of fire 
have an opportunity to fly gradually away. And, doubtleſs, we may 
admit the co-operation of a ſubſtantial effluvium of the fire, in ac. 
counting for the phenomenon. But it is not eaſy to apprehend, that 
ſuch light and minute bodies ſhould be ſo long detained, as muſt by 
this hypotheſis be allowed, in quick-lime ; eſpecially ſince no great 
heat enſues the pouring of water upon minium, or Crocus Martis per 
ſe, tho' they have been calcined by a violent fire, the effluvia where- 
of ſeem to adhere to them, by the increaſe of weight, that lead and 
iron manifeſtly receive from the operation of it. And tho' one would 
think, that the fiery atoms ſhould either fly off, or be extinguiſhed 
by the water; yet I have made an experiment, in which two liquors, 
whereof one was natural, did, by being ſeveral times ſeparated, and 
re-conjoined without addition, at each conjunction produce a ſenſible 
heat. And an inſtance of this kind, we have in ſalt of tartar, from 
which, after it had been once heated by the affuſion of water, we 
abſtratted the liquor, without violence of fire, till the ſalt was again 
dry; and then putting on water a ſecond time, the ſame falt grew 
hor again in the vial, and produced the like heat a third time, and 
might probably have done it oftener : which ſcems, at leaſt, to argue, 


that the great violence of fire is not neceſſary to impreſs what paſſes 


for an empyreuma, upon all the calcined bodies, which will grow hot 
with water. Perhaps, alſo, the heat may much depend upon the par- 
ticular diſpoſition of the calcined body, which, being deprived of its 
former moiſture, and made more pag by the fire. acquires, by 
means of thoſe igneous effluvia, ſuch a texture, that the water, im- 
pelled by its own weight, and the prefſure of the atmoſphere, is able 
to get into a multitude of its interſtices at once, ſuddenly diffolve 


the alkalizate ſalts it every where meets with, and briskly disjoin the 


earthy and ſolid particles, that were blended with them; which be- 
ing excceding numerous, tho' each of them perhaps be very minute, 
and moves but a very little way, yet their multitude makes the con- 
fuſed agitation of the whole aggregate, and of the particles of the 


water and ſalt vehement enough to produce a ſenfible heat; eſpeci- 


ally, if we admit ſuch a change in the pores, as greatly increaſes this agi- 
tation, by the entrance and action of a ſubtile etherial matter, from 
which, alone, M. Des-Cartes attemps to derive the heat produced by 
lime and water, as well as that of metals diſſolved in corroſive li- 
quors. But in our phenomena, there ſeems, at leaft, to concur a pe- 


culiar 
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culiar diſpoſition of the body, wherein heat is produced, to retain many Puxsics. 
fiery effluvia, and to be, by their adheſion, or ſome other operation 


of the fire, reduced to ſuch a texture of its component particles, as 
fits it to have them eaſily penetrated, and greatly diſſipated by 
water. And this conjecture ſeems favoured by various phenomena. It 
may be obſerved, that both the diſſolved falt of tartar, lately men- 
tioned, and the artificial liquor, which grows hot with the natural 
one, re-acquires that diſpoſition to heat, upon a bare condenſation, or 
cloſer texture of the parts, from the exhalation of the ſuperfluous li- 
quors, wherein they were before diſperſed : the heat, which brought 
them to this texture, having been ſo gentle, that it is no ways like- 
ly, the fiery exhalations could, themſelves, produce ſuch an one; or 
at leaſt, that they ſhould adhere in numbers ſufficient to that end, 
unleſs the texture of the ſalt, or other body, peculiarly diſpoſed it to de- 
tain them; ſince I have found by trial, that ſal-armoniac, diſſolved 
in water, tho* boiled up with a brisker fire, to a dry falt, would 
not, upon its being again diſſolved in water, produce any heat, but 
a very conſiderable degree of cold. And tho? a great likeneſs might 
be expected between the particles of fire adhering to quick- lime, and 
thoſe of highly rectified ſpirit of wine; yet I have not found, that 
the affuſion of that ſpirit upon quick-lime produced any ſenſible heat, 
or viſible diffolution of the lime, tho? it ſeemed to be greedily ſuck'd 
in, as common water would have done. And I farther tried, that if 
cold water was poured on this lime, ſo drenched, there enſued no 


| manifeſt heat: nor did the lump appear ſwelled, or broken, till ſome 


hours after; which ſeems to argue, that the texture of the lime ad- 
mitted the particles of the ſpirit of wine into ſome of its pores, which 
were either larger, or more fir, without admitting it into the moſt nume- 
rous, whereinto the liquor muſt be received, to be able ſuddenly to diſ- 
fipate the corpuſeles of lime into their minuter particles. I alio made 
an experiment, which ſeems to favour our conjecture, by ſhewing how 
much the diſpoſition of lime to grow hot may depend upon a ſuitable 
texture. Upon quick-lime placed in a retort, we put as much ſpirit 
of wine, as would ſwim pretty high above it; when, diſtilling with 
a gentle fire, we drew off ſome ſpirit much ſtronger than that which 
had been put on; and then the phlegm following it, the fire was in- 
creaſed, which brought over a large quantity of weak liquor; by 
which, one would have thought, that the quick-lime had been ſlaked; 
but the remaining matter being taken out of the retort, and ſutfered 
to cool, it appeared to have a fiery diſpoſition, which it had not be- 
fore. For if any lump of it, as big as a nutmeg, was caſt into water, 
it would hiſs like a coal of fire plunged into the liquor, which was thereby 
lvon ſenſibly heated. Nay, having kept ſeveral lumps of this pre- 
pared calx well ſecured from the air, for many weeks, to try whether 
it would retain th's property, I found it operate aſter the fame man- 
ner, but more poweriully. For ſometimes it would, upon its coming 
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Paysics. into the water, make ſuch a brisk noiſe, as might almoſt paſs for 
A exploſion. 


3. Theſe phenomena ſeem to ſhew, that the diſpoſition, which lime 
has to grow hot with water, greatly depends on ſome peculiar texture; 
ſince the aqueous parts, which, one would think capable of quenching 
moſt of the fiery atoms ſuppoſed to adhere to quick- lime, did not 
near ſo much weaken the diſpoſition of it to heat, as the acceſs of the ſpi- 
rituous wer vr and their contexture with thoſe of the lime, increaſed it, 
And that ſuch an aſſociation might happen, ſeems the more probable, be- 
cauſe much of the diſtilled liquor was as phlegmy, as if it had been robbed 
of its more active parts; and becauſe I have ſometimes had ſpirit of 
wine come over with quick-lime, not in unobſerv'd ſteams, but white 
fumes. We may add, beſides that the taſte, and perhaps ſcent of the 
ſpirit of wine, is often manifeſtly changed by a well regulated diſtilla- 
tion from quick-lime ; I have ſome times found that liquor to give the 
lime a kind of alkalizate penetrancy of taſte, or fierineſe, which was very 
brisk and remarkable: tho*I, have found quick-lime to ditler greatly, not 
only with the degree of its calcination and freſhneſs, but allo according 
to the various nature ofthe ſtones, and other bodies calcined to make it. 

4. To come to the production of heat, wherein there appears nothing on 
the part of the agent or patient, but motion, and its natural effects. When 
a ſmith briskly hammers a ſmall piece of iron, the metal thereby be- 
comes exceeding hot; yet there appears nothing to make it ſo, 
except the forcible motion of the hammer, impreſſing a vehement, ant 
variouſly determined agitation on the ſmall parts of the iron; which being 
a cold 2 before, grows, by that ſuperinduced commotion of its {mall 
parts, in ſeveral ſenſes hot. Firſt, in a more looſe air. Cane of the 
word, with regard to ſome other bodies compared with which it was cold 
before, then ſenſibly hot ; becauſe this agitation ſurpaſſes that of the parts 
of our fingers. And in this inſtance, oftentimes, neither the hammer nor 
the anvil continues cold, after the operation ; which ſhews, that the heat 
acquired by the forged piece of iron was not communicated by the 
hammer or anvil, as heat, but poduced in it by a motion, great c- 
nough ſtrongly to agitate the parts of ſo ſmall a body as the piece 
of iron, without being able to have the like eſfect upon ſo much 
greater maſſes of metal, as the hammer and the anvil ; tho” if the 
percuſſions were often and briskly renewed,. and the hammer were 
mall, this alſo might be heated; whence it is not neceſſary that a body 
ſhould be it ſelf hot, to give heat. And if a large nail be dri 
ven by a hammer into a plank of wood, it will receive ſeveral 
ſtrokes on its head, before it grows hot; but when it is once 
driven to the head, a few ſtrokes ſuffice to give, it a corfiderable 
heat ; for whilſt, at every blow. of the hammer, the nail enters farther 
into the wood, the motion produced is chiefly progreſſive, and is of 
the whole nail, tending one way; but when that motion ceates, the 
impulſe given by the ſtroke, being unable either to drive the nail fur; 
ther on, or break it, muſt be ſpent in making a various, —_— 
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and inteſtine commotion of the parts among themſelves; wherein the Paysrcs. 


nature of heat conſiſts. 

5. In the foregoing experiment, the brisk agitation of the parts of a 
heated iron was made ſenſible to the touch; I ſhall now add an 
attempt I made to render it diſcoverable to the eye it ſelf. In order 
to this, I cauſed a bar of iron to be briskly ftruck upon by two or 
three luſty men, accuſtomed to the hammer, who dealing their ſtrokes 
with as much force, and as little intermiſſion as poſſible, ſoon render'd 
it too hot to be ſafely touched; and it would, probably, have fired 
gun-powder, if the metal I was obliged to uſe had been of the beſt 
fort : for it kindled the ſulphur of many corns of that powder, and 
tun'd them blew. But, beſides the effects of violent percuſſion, there 
are ſome obvious phenomena, which ſhew the producibleneſs of heat 
in cold iron, by cauſing an inteſtine commotion of its parts. We find, 
that if a piece of iron, of a convenient ſhape and bulk, be briskly filed 
with a large rough file, a conſiderable degree of heat will be quickly 
excited; the many prominent parts of the inſtrument giving a multi- 
tude of ſtrokes to the parts of the iron, which happened to ſtand in 
their way, and thereby making them put the neighbouring parts into a 
brisk and confuſed motion, and conſequently into a ſtate of heat. It 
muſt not be here objected, that, upon this account, the file it ſelf 
ought to grow as hot as the iron; ſince, the whole body of the file being 
continually moving backwards and forwards, the ſame parts, that touch 
the iron one moment, paſs off the next; and, beſides, have leiſure to 
cool themſelves, by communicating their agitation to the air, before 
they are brought to grate again upon the iron, which being held 
immoveable, receives almoſt perpetual ſhocks in the ſame place. We 
find alſo, that vehement attrition produces heat in th2 moſt ſolid 
bodies; as when the blade of a kniie is ſtrongly whetted; or a braſs 
nail rubbed againſt a board. And I remember, that, driving our coach 
very faſt, in exceeding hot weather, the attrition of the nave of the 
wheel againſt the axle-tree was ſo vehement, as obliged us to cool 
the parts with water, to ſtop the growing miſchief. The common 
experiment of ſtriking fire with a flint and ſteel, ſufficiently declares, 
what heat may, in a trice, be produced in cold bodies by percuſſion or 
colliſion; the latter of which ſeems but mutual percuſſion. 

6. For the ſake of thoſe who think the attrition of continguous air 
neceſſary to produce manifeſt heat, we placed ſome hard black pitch 
in a baſon, at a convenient diftance under water, and caſt the ſun's 
rays on it, with a burning-glaſs, in ſuch a manner, that, notwithſtanding 
the refraction they. ſuffered in paſſing thro? the water, the focus falling 
upan the pitch, would produce ſometimes bubbles, ſometimes ſmoke, 
and quickly communicate a degree of heat able to melt it, if not allo to 
make it b-1l. 

7. We have ſh-wn that a conſiderable degree of cold is produced by the 


diſoluticn of ſabarmoniac in common water; yet the texture of it 
may, 
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Puys'cs. may, by an addition, be fo alter'd, that a great degree of heat will 
W arite upon diflolving it therein. We tlaked quick-lime in common 


cold water, that all the fiery, or other particles of it, to which its 
power of heating that liquor is aſcribed, might be extracted and im- 
bibed, and 1o the remaining calx be freed from them ; on this calx we 


often poured freth water, that all adhering reliques of ſalt might be 


waſhed off Then the dulcified powder, being again well dried, 


was mixed with an equal weight of powdered ſal-armoniac; and ha. 
ving, in a ſtrong fire, melted the maſs, the mixture was poured out; 


and being afterwards beaten to powder, having allowed it a competent 


time to grow cold, we put two or three ounces of it into a wide- 


-mounth'd glaſs; and gps: water upon it, within about a minute 
the mixture grew warm, and quickly attained ſo intenſe a heat, that 


J could not hold the glaſs in my hand. And tho' this heat did not 


laſt long at the ſame height, it continued to be very ſenſible for a con- 
ſiderable time. And to confirm this experiment by a notable va- 
riation ; we took, finely powdered, fſal-armoniac, and filings of ſteel ; 
and when they were very well mixed, we cauſed them to be gradually ſubli- 


med in a glaſs-veſſel; giving a ſmart fire towards the latter end. By 


this operation, ſo little of the mixture aſcended, that far the greateſt 
part of the ſal-· armoniac ſtaid at the bottom with the metal; then 
taking out the Caput mortuum, I gave it time to cool thoroughly, but 
in a glaſs well ſtop'd, that it might not imbibe the moiſture of the air: 


and laſtly, tho both theſe bodies were actually cold, and ſo might be 


thought likely to increaſe, and not check the coldneſs uſually produc'd 


in water by that ſalt; yet putting the mixture into common water, there 


enſued an intenſe degree of heat. And having ſublimed the ſoreſaid 
{alt, in diſtinct veſſels, with the filings of ſteel, and with filings of cop- 
per, and kept one of their remainders after diſtillation, for ſeveral 
months; we, at length, took it out of the veſſel, which had been 
carefully ſtopp'd, and found that the diſpoſition to give cold water a 


great degree of heat was ſtill preſerved in it. 


8. It experiments were made after the ſame manner, with ſal-armoniac, 


and other mineral bodies, beſides iron, and copper, it is probable, that 


ſome of the phenomena thence ariſing, would confirm what we have 
faid of the intereſt of texture, and ſome few other mechanical pro- 
perties in the production of heat and cold. For, three ounces of an- 
timony, and an equal weight of fal-armoniac, being well powdered, 
mixed, and, ty degrees of fire, ſublimed in a glaſs-veſſel, we obtained 
three different! ſubſtances, which we cauſed to be ſeparately powdered as 
ſoon as taken out of the ſubliming glaſs, leſt the air ſhould make any 
change in them; and having before ſet the ball of a good ſeal'd wea- 
ther-glais, for a time, into water, that the ſpirit of wine might be 


brought to the temper of the external liquor, we put in two ounces 


of the powdered Caput mortuum, which ſeeming to be little other than 


antimony, ſcarce ſenſibly railed the ſpirit of wine in the thermo- 


meter. 
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meter. Then laying aſide that water, and putting the inſtrument into Puys1cs. 
freſh, of the iame temper, we added to it a very yellow ſublimate, CAD. 


which aſcended higher than the other parts, and ſeemed to conſiſt 
of the more ſulphureous flowers of the antimony, with a mixture of 
the more volatile parts of the ſal-armoniac. And this ſubſtance made 
the tinged ſpirit in the thermometer deſcend, very ſlowly, about a quarter 
of an inch; but when the inſtrument was put into freſh water or the 
ſame temper, and we had added ſome of the powder of the lower 
ſort of ſublimate, which was dark-coloured ; tho both the antimony, 
and fal-armoniac it conſiſted of, had been long expoſed to the action 
of a ſubliming heat, yet the water was thereby ſoon cooled, fo 
that the ſpirit of wine in the weather-glaſs haſtily deſcended, and 
continued to ſink, till it had fallen near three inches. We made a 
like experiment by ſubliming minium and ſal-armoniac, each three. 
ounces; and found, that tho' in the Caput mortuum, the falt had no- 
tably wrought upon the calx of lead, and was in part affociated with 
it; yet a convenient quantity of this powder'd mixture being put into 
water, wherein the former weather-glaſs had been kept a while, the 
ſpirit of wine was not manifeſtly either raiſed or depreſs d. And when, 
in another glaſs, we proſecuted the trial with the tal-armoniac, which 
had been ſublimed from the minium, it did, indeed, make the ſpirit of 
wine deſcend; but ſcarce a quarter ſo much as it had been made to 
fall by the former ſublimate of {al-armoniac and antimony. 


9. The heat ariſing in the diſſolution of metals, is often aſcribed to ht produced * 
a ſuppoſed antipathy, occaſioning a conflict, or hoſtility, between the by mixing the 


contending bodies; and particularly between the acid ſalt of the one, 
and the alkalizate ſalt of the other. It will, therefore, be proper to offer 
ſome inſtances of the production of heat, by the operation of one 
agent, oil of vitriol ; whence we may conſider, whether it be likely, 
that this ſingle agent ſhould, upon account of antipathy, or that of 
its being an acid, produce an intenſe heat in many bodies of very dif- 
ferent natures, Take ſome ounces of ſtrong oil of vitriol, and ſhaking 
ic with three or four times its weight of common water, tho” both the 
liquors were cold, when put together, yet their mixture will imme- - 
diately grow intenſely hot, and continue conſiderably ſo for ſome time. 
In this caſe, it cannot be pretended, that the heat arifes from the 
conflict of the acid and alkalizate ſalts, abounding in the two liquors ; 
ſince the common water is ſuppoſed an elementary body, free from all 
ſalts; at leaſt, being an inſipid liquor, it can ſcarce be thought to 
have alkali enough, to produce ſo intenſe a heat, by its re-action. 
That the heat ariſing upon ſuch a mixture will be very great, when 
the quantities of the united liquors are large, may be eafily concluded 
from hence, that I found no more than wo nunces of oil of vitriol, 
bein poured into four ovnces of diiſtilled rain-water, made, and Hep: 
it manifeſtly warm 'or above an how ; fo that, during no {mall part 


of that time, it was painiul to handle it. 
It 


with others of * 
ſeveral kind. 
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It ſeems extravagant to talk of heating cold liquors with ice; but! 


W have eaſily done it, by taking out of a baſon of cold water, wherein 


ſeveral fragments of ice were ſwimming, one piece or two, which | 
perceived were well drenched with the liquor, and ſuddenly im- 
merſing them into a wide-mouth'd glaſs, of ſtrong oil of vitriol : for 
the merſtruum, preſently mixing with the water which adhered to the 
ice, produced in it a brisk heat, ſometimes with a manifeſt ſmoke; and 
that ſuddenly diſſolving the continguous parts of ice, and thoſe the 
next, the whole ice was ſoon reduced to water; and the corroſive 
menſtruum being, by two or three ſhakes, well diſperſed thro? it, the 
whole mixture would immediately grow ſo hot, that ſometimes the 
containing vial could not be endured in one's hand. 

Notwithſtanding the vaſt difference between common water, and 
highly re&ified ſpirit of wine ; I found that oil of vitriol, mixed 
with the latter, would as well grow hot, as with common water, 
Nor does this experiment always require great quantities of liquor: 
for when I took but one ounce or ſtrong oil of vitriol, tho* I put to 
it leſs than half an ounce of excellent ſpirit of wine, yet the two be- 
ing lightly ſhaken together, immediately conceived ſo brisk a heat, 
that they almoſt filled the vial with fumes ; and made it ſo hot, that 
I had like to have burnt my fingers with it, before I could lay it 
aſide. I made the like experiment with the ſame corroſive menſtruum 
and common Aqua vite ; by the mixture whereof, a heat was pro- 
duced in the vial, which I could not well endure. The like ſucceſs 
I had when oil of vitriol was mixed with common brandy ; only 
here the heat produced, ſeemed not ſo intenſe, as in the former trial; 
which alſo did not afford ſo fierce a heat, as that made with re&ified 
ſpirit of wine. | 

Thoſe chymiſts who conceive, that all the heat of bodies, upon their 
being mixed, proceeds from their antipathy or hoſtility, will hardly 
expect, that the parts of the ſame body ſhould, without conflict, 
grow very hot together. Vet having put two ounces of colcothar, 
calcinꝰd almoſt black, into a retort, we poured upon it two ounces of 
ſtcong oil of Exgliſh vitriol, and found, after about a minute, they began 
to grow ſo hot, that I could not endure to hold my hand at the 
bottom of the containing veſſel; and this continucd ſenſible on the 


cutſide, for between twenty and thirty minutes. 


I have not obſerved any liquor, with which oil of vitriol will grow 
more hat, than with common dil of turpentine. Cauſing ſeveral ounces 


of cach to be well ſhaken together 1a a ſtrong veſſel, faſtened to the 


end of a pole, to prevent miſchief; the ebullition was ſurprizingly 


great and fierce. Th's calls to mind a pleaſant adventure aftorded by 


theſe liquors, of each of which, having, for the production of heat, 
and other purpoſes, cauſed a large bottle full to be put up, with 
other things, into # box, and ſent down into the country, with a 
charge, that great care ſhould be hal of the glaſſes; the 3 en 
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which the box was carried, happened, by a great jolt, to be ſo ſhaken, Puysics. 
that theſe glaſſes were both broken; and the liquors mixing in the Ar 


box, made ſuch a noiſe, and ſtink, and ſent out ſuch quantities of 
imoke by the vents, which the fumes had opened, that the paſſen- 
gers, with great out-cries, haſtily threw themſelves out of the wag- 
gon, for fear of being burnt in it. 

But tho? Petroleum, eſpecially when rectified, be a moſt ſubtile liquor, 
and the lighteſt I have had occaſion to try; yet to ſhew how much 
the heat ot liquors may depend upon their texture, having gradually 
mixed one ounce of rectified petroleum with an equal weight of ſtrong 
oil of vitriol; the former ſeemed to work upon the ſurface of the 
latter, almoſt like a menſtruum upon a metal ; innumerable ſmall 
bubbles continually aſcending, for a while, into the Oleum Petre, which 
had its colour manifeſtly alter'd, and deepened by the operation of 
the ſpirituous parts. But by all the action and re- action of thele liquors, 
there was produced no ſuch ſmoking and boiling, or intenſe heat, as 
if oil of turpentine had been employed ; the change produced as to 
qualities, being but a kind of warmnels, dilcoverable by the touch. Almoſt 
the like fucceſs we had in the conjunction of petroleum and ſpirit of nitre. 

t were eaſy to multiply inſtances of heat producible by oil of vi- 
triol upon ſolid bodies, eſpecially upon minerals. In the uſual prepa- 
ration of Vitriolum Martis, there is a great efferveſcence excited upon 
the alfufion of the oil of vitriol upon the filings of ſteel, eſpecially if they 
be well drenched in common water. And it can ſcarce be doubted, 
that ſnce oil of vitriol will diffolve a great many both calcined and teſtace- 
ous bodies, as I have tryed with lime, oyſter-ſhells, ec. fo it will, 


during the diſſolution, grow ſenſibly, if not intenſely hot with them; 
as I found it to do both with thoſe juſt mentioned, chalk, Lapis cala- 
| minaris, &c. with the laſt of which, if the liquor be ſtrong, it will be- 


come exceeding hot. ; 
Let us, therefore, proceed to its operation upon vegetables, which cor- 


roſixe menſtruums have ſcarce been thought fit to diſſolve and grow 


hot with. To omit cherries, and ſeveral other fruits, abounding 
in watery juices, with which, perhaps, on that account, oil of vitriol 
will grow hot; having mixed a quantity of this liquor with raiſins 
of the ſun, beaten in a * mortar, the raiſins grew ſo hot, that the 
glaſs, which contained them, almoſt burnt my hand. This kind 
of heat may alſo be produced by the mixture of oil of vitriol with 
many other vegetable ſubſtances z but as far as I have obſerved, ſcarce 
lo eminently with any dry body, as with crumbs of bread; with a little 
of which, and ſtrong oil of vitriol, we have ſometimes produced a ſurpriz- 
ing degree of heat. It is as little oblerved, that corroſive menſtruums 
will work on the ſoft parts of dead animals, as on thoſe of vegetables; 
yet J have, more than once, produced a notable heat, by mixing oil of 


vitriol with minced fleſh, whether roaſted or raw. 
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Tho' common ſea-ſalt uſually imparts ſome degree of coldneſs to 


common water, during its diſſolution ; yet ſome trials have informed 


me, that, if thrown into a competent quantity of oil of y—_ a 
heat will, for the moſt part, enſue ; tho' it yet did not appear to ſuc- 
ceed ſo regularly, as in moſt of the foregoing experiments. But that 
heat ſhould be uſually poduced, - by oil of vitriol and falt, ſeems 
the more remarkable, becauſe common ſalt is one principal ingredient of 
common factitious ſal-armoniac. And I have been informed, that in 
the academy at Florence, oil of vitriol has been obſerved not to grow 
hot, but cold, by being put upon ſal- ar moniac: and ſomething, like 
this I took notice of in rectified ſpirit of ſulphur per Campanam; but 


found the effect much more conſiderable, when, according to the Fo- 


Other ways of 
producing 
heat, in ſolids, 
powacrs, me- 
tals, &c. 


re tine experiment, I made the trial with oil of vitriol. 

10. To proceed to ſome other experiments, wherein oil of vitriol is not 
concerned. We took a large lump of common ſulphur, and having chafed 
it well, found it thereby grow ſenſibly warm; and that there was an 
inteſtine agitation made by this attrition, appear'd not only from the 
heat, whoſe nature conſiſts in motion, and the antecedent preſſure, 
which was fit to put the parts into a diſorderly vibration, but alſo 
by the ſulphureous ſteams, which were eaſily ſmelt by holding the 
ſulphur to the noſe. This experiment, tho' it ſeems trivial in itſelf, 
may be worth the conſideration of thoſe chymiſts, who derive all the 
fire and heat we meet with, in ſublunary bodies, from ſulphur. For, 
in our caſe, a maſs of ſul hur, before its parts were put into a new 
and brisk motions was ſenſibly cold; and as ſoon as its parts were put 
into a greater agitation than thoſe of a man's fingers, grew ſenſibly 
hot; which argues, that it was not by its bare preſence, that the ſul- 
poge communicated any heat to the hand ; and alſo, that when brisk- 
y moved, it impreſs'd that quality, it did no more than another ſo- 
lid body, tho? incombuſtible, as common glaſs, would have done, if 
its parts had been likewiſe put into an agitation 2 that of the 
organs of feeling: ſo that in our experiment ſulphur itſelf was be- 
holden, for its actual heat, to local motion, produced in its parts by 
external agents. 

We thought proper to try, whether, when ſal-armoniac, which great- 
ly cools water, and quick-lime, which is known to heat it, were, by 
the fire, exquiſitely united, the mixture would impart to the liquor 
any intenſe degree of either quality. To this end, we took equal parts 
of ſal-armoniac, and quick-lime, and fluxed them together, and put- 
ting an ounce of the powdered mixture into a vial, with a convenient 
quantity of cold water, I found the diſſolved maſs, in about a mi- 
nute, ftrike ſo great a heat thro* the glaſs upon my hand, that I was 
glad to remove it haſtily, for fear of being ſcorched. 

We have given ſeveral inſtances of the heat of mixtures, wherein 
both the ingredients were fluid, or at leaſt, one of them; but ſome- 
times heat may be produced, alſo, by the mixture of two gn 
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for it has been obſerved in the preparation of the butter or oil of Puyscs* 
antimony, that if a ſufficient quantity of beaten ſublimate, be very L2%/RJ 


well mixed with powdered antimony, the mixture, after it has, for a 
competent time, ſtood in the air, would ſometimes grow manifeſtly 
hot, and now and then to that degree, as to ſend out vaſt fetid fumes, 
almoſt as if it would take fire. 

There is another experiment, made by the help of antimony, and 
a pulverized body, wherein the mixture, after it had been expoſed 
to the air for ſeveral hours, viſibly afforded us mineral fumes. But 
in this caſe, perhaps, there happens unobſervedly an aqueous moiſture, 
which, I ſuſpected, may be attracted from the air; ſince the mixture 
of the antimony and the ſublimate, deſigned for the butter of anti- 
mony, is preſcribed to be placed in cellars ; where we find that ſub- 
limate, at leaſt the faline part of it, is diſſolved per deliquium. 

I have given ſome inſtances of the heat produced by water in bo- 
dies, which are readily diſſolv'd in it, as ſalt of tartar, and quick- 
lime; but one would not expett that mere water ſhould produce heat 
in ſolid bodies, which are generally granted to be inſoluble in it ; yet 
trial has aſſured me, that this may be done in flower, or fine pow- 
der of ſulphur, and filings of ſteel or iron. For when, in ſummer- 
time, I cauſed a pound of each to be firſt mixed and thoroughl 
drenched with common water, wherein they were very well ftirred, 
the mixture would, in a ſhort time, grow ſo hot, that the contain- 
ing veſſel could not be ſuffered in the hand: a ftrong ſulphureous 
ſmell, and a thick ſmoke were, alſo, produced _ 

In the inſtances which chymiſtry uſually affords us of the heat produced 
by the action of menſtruums upon other bodies, ſome humid liquor is 
concern'd ; and there are many who deny, that quick-ſilver, which is 
indeed a fluid, tho* not moift with regard to us, will produce heat 
by its immediate action on any other body, and particularly on gold: 
but ſeveral trials have aſſured me, that a particular mercury may, by 
preparation, be enabled ſuddenly to inſinuate itſelf into the body of 
old, whether calcined, or crude, and become manifeſtly hot with it, 
in leſs than two or three minutes. And ſince we know that ſome 
natural falts, eſpecially ſalt- petre, produce a coldneis in the water 
wherein they are diſſolved, I thought it might, alſo, delp to d ver 
the ſtrufture of metals, and the falts that corrode them, +” ſolutions 
were made of ſome bodies, which conſiſt of metalline and line parts; 
and ſo abound with the latter, that the whole concrete is on 4heir 
account diſſoluble in common water: of this ſort of experiments, I 
ſhall here only take notice of one, that we made upon quick-ſilver, 
which is eſteemed the coldeſt of metals. From this, having di- 
ſtilled four times its weight of oil of vitriol, and thereby reduced it to 
a powder, which, on account of the adhering falts of the menſtruum, 
was white and glittering; we put this powder into a wide-mouth'd 
glaſs of water, wherein a ſealed weather-glaſs had before been left, 
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when, it began manifeſtly to heat it; as appeared by the quick and 
conſiderable aſcent of the tinged ſpirit, that continued to riſe upon 
putting in more of the magiſtery. This event is the more remark. 
able, becauſe Helmont obſerves, that the falt adhering to the mercy. 
ry, corroded by oil of vitriol, becomes, if it be waſhed off, and cog. 
gulated, a kind of alum ; and ſtill more, becauſe having, after the ſame 
manner, and with the ſame weather-glaſs, made an experiment with 
common water, and the powder of Vitriolum Martis, prepared with 
oil of vitriol, and the filings of ſteel; the tinged ſpirit was not at 
all impell'd up as before, but rather, after a while, began to ſubſide, 
and fell, tho' very flowly, about a quarter of an inch. The like ex- 
periment being tried with powdered ſublimate in common water, the 
liquor in the thermometer was ſcarce at all, ſenſibly, either raiſed, or 
depreſs'd z which argued the alteration, as to heat or cold, to have 


deen either none, or very inconſiderable. 
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O examine ſollicitouſly into the way of eſtimating the cold- 
neſs of bodies, will, to many, appear a needleſs task; the or- 
gans of feeling, being generally thought the proper judges 


may miſcyferm hereof : and, accordingly, both the ancient and modern philoſophers 


ſeem to have taken up with this bare information of the matter. But 
as too much care cannot be ſhewn in examining the criteria of things, 
we ſhall take a cloſer view of this ſubject. For tho? cold, in its ob- 
vious idea, has relation to the ſenſe of feeling, yet it remarkably af- 
fects many other bodies beſides ours, and in ſome of them produces 

more ſenſible and leſs uncertain changes; and, therefore, in eltimatin 
the degrees of this quality, we ought to obſerve its effects in thoſe 
bodies: for our ſenſes, alone, or aſſiſted by the common weather- 
| glaiſcs, are not to be relied on in this particular. To render the aſ- 
ertion credible, let it be conſider'd, that the reaſon why a body is 
uſually ſaid to be cold is, that we feel its particles leſs agitated 
than thoſe of our fingers, ob other organs of touch; whence, as the 
temper of that organ changes, the object may ſeem more or leſs cold, 
while it remains uniformly the ſame. Thus we find in bathing, the 
milder degree of heat paſs'd thro' to prepare us for the greater, ſeems 
very hot, when we immediately change it for the open air; and even 
chilling cold, upon returning back from the ſweating-room. But beſides 
theſe obvious — there are other ſecret ones, in the diſpoſition of 
our organs, that require a philoſophical head to obſerve them. For 
taking our temper to be the ſame, when no manifeſt cauic of its alte- 
ration appears, we frequently impute to objects what reſides in our 
ſelves; when, if the change be wrought by unſuſpected agents, or by 
inſenſible degrees, we are apt to overlook it. Many cellars are, 2 
Ps, 
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haps, no colder in the ſummer, than in winter, or the ſpring, 
tho' they will feel cold to us, who deſcend into them, wit 

bodies heated by the ſummer's ſun, and accuſtom'd to a warmer air. 
Nay, cold ſo greatly depends upon the agitation of the parts of the 
object, that even when the organ ſeems unalter'd, it may refer a de- 
gree of coldneſs thereto, which that really hath not. Thus air, blown 
out of a pair of bellows upon an exact thermometer, appears not to 
acquire any coldneſs, by being turn'd into wind, tho' any part of our 
bodies wou'd judge it cold; the reaſon whereof is, that tho* the or- 
gan remains unchanged, the wind, by its motion, drives away the 
air continguous to the skin, together with the warm effluvia of the bo- 
dy which temper'd its coldneſs, and alſo penetrates deeper into the 
pores of the skin, where it is leſs agitated than the internal parts, and 
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conſequently feels colder. There may likewiſe, at particular times, 


be certain exhalations in the air which have a ſecret power of chilling 
the blood and ſpirits of human bodies; for opium, externally applied, 
ſtrikes a coldnels into the body by the ſubtile effluvia it ſends thro” 


the pores of the skin. Perhaps, alſo, that coldneſs is aſcribed to external 


caules, which ſomecold vapour, or very light diſeaſe produces in us, bear- 
ing reſemblance to what the phyſicians term horrors and rigors, at the be- 


ginning of fevers, Cc. or occaſioning that ſtrange, univerſal coldneſs of 


the external parts, which is a common ſymptom in hyſterical caſes. Again, 
bodies may often ſeem colder tous than we ſhall find them by the ther- 
mometer; becauſe our organs are more affected by the den ſity and 
inſinuation of particles, than the inftrument. This I have frequently 
experienced in very nice thermometers; for water has appeared ſuffi- 


ciently cold to our touch, when the glaſs ſhew'd it to be no colder - 


than the air. 


1. June 26. between two and four of the clock in the after-. - 


noon, the weather being ſeaſonable, I plunged the open ftem of the 
ſmall glaſs egg CD B A, into water, whence it received a cylinder of 
that fluid, about half an inch in length, which ſubſided, when the 
glaſs was erected perpendicularly, by its own weight, or by means 
of the temper of the included air, to the lower part of the pi 

next the egg; then immerſing the egg in a baſon of cold water, the 


ſmall cylinder that lay between the external and internal air, preſently - 


aſcended from the lower part of the pipe to the middle thereof ; and 
being taken out of the water, and placed again in the air, the cylinder 
would again ſubſide, whether the glaſs were ſuſtained by my fingers, 
or ſuffered to reſt alone. This experiment I ſeveral times repeated : 
and if inſtead of water, I made uſe of quick-filver, to half cover the 
egg, the cylinder of water would preſently mount to the top of the 
pipe, and fall back again when the glaſs was taken »ut. Paving, alſo, 
placed the veſſel of quick-ſilver and baſon of water near ec? other, 
and ſuffering the pendulous cylinder to aſcend to its utmoſt height in 
the latter, I nimbly took it out, and plunged it into the former, 9 

the 
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Paysics. the cylinder roſe much higher; and the contrary happened upon re- 
moving the egg out of the quick-filver into the water; tho? the de- 


ſcent was neither ſo ſudden nor great, as if the glaſs had been re- 
moved from the mercury into the air. At another time, when the weather 
was windy and rainy, the pendulous cylinder in the pipe ſunk upon 
the immerſion of the glaſs into water, both in the morning and after- 
noon; but not ſo much nor ſuddenly as in the preceding mornings. 
2. June 27, in the morning, a ſmall cylinder of water, ſuſpended in 
the above-mention'd glaſs, immerſed in water, immediately ſubſided to 
a conſiderable depth; but when plunged in quick-filver, preſently aſcen- 
ded. Both parts of this experiment were often repeated. The reaſon 
of the phenomenon we ſuſpected to be the warmth that the quick-ſilver 
had acquired by remaining all night in a chamber; whilſt the water was 
freſh, and felt ſomewhat colder ; and - accordingly, in the afternoon, 
the water having allo ſtood in the chamber, both that and the mer- 
cury would immediately, upon immerſion, impel the pendulous water 
up into the pipe. | 
3. In the beginning of January, while the weather was froſty, we 
took up a few drops of water, as above, from a parcel ſet by, 
for a conſiderable time, to acquire the temperature of the air; and 
ſuffering the cylinder to remain long ſuſpended, that the internal air 
might have the ſame temper as the external, we immerſed the egg 
into a ſhallow veſſel of the ſame water ; whereby the {mall pendulous 
cylinder was ſuddenly impell'd upwards to the height of half an inch; 
when, the ball of the thermometer being taken out of the water into 
the air, it again ſlowly ſubfided. This was ſeveral times repeated, at 
intervals, in a cloſe room, and with the ſame ſucceſs, except that in 
the two laſt trials, when the thermometer was taken out of 
ſhallow water, and plunged deep into an adjoining parcel, the pen- 
dulous cylinder roſe to twice the height it had done in the former; 
and when taken from this deep glaſs, and expoſed to the air, it there- 
in again deſcended to its low ſtation. | 
I lay no great ſtreſs, indeed, upon theſe experiments, yet ſmall- 
ſeal'd thermometers have given me cauſe to ſuſpect that we receive 
different informations, as to the degrees of heat and cold in the air, 
by our organs of touch, and proper inſtruments. We may alſo allow, 
that not only water, but moiſt vapours in the air, will cauſe us to 
think it colder. than the thermometer ſhews it to be. I, my ſelf, have 
ſometimes felt the weather more or leſs cold than the preceeding, 
when the contrary has appeared in that inſtrument; tho' no obvious 
circumſtance, or alteration in my body was concerned. Nor cou'd 
this be the effect of any peculiarity in my conſtitution; for, upon in- 
quiry, others have agreed with me in the reality of the fact. It 
might, therefore, be proper to obſerve the ſenſe expreſs'd by birds 
and other animals (whoſe diet is more ſimple and regular, and whoſe 
percęptions are commonly more delicate and leſs diverted than ours) 
| | of 
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of the degrees of cold; and particularly to examine the coldneſs of Parsrcs. 
the air, nd of other bodies, as well by experiments and inſtruments, CSV 


as by the touch. Martinius, in his Atlas Chinenſis, tells us & that the cold 
« ;s greater in a certain part of China, than its latitude, of torty two degrees, 

induce one to expect; for all the rivers, “ ſays he, are here of- 
frozen for four months together, ſo as to bear horſes, carriages, 
. during which time, there's no failing for ſhips ; andthis hard 
“ weather beginning about the middle of Seprember, the ice is not 
& thaw'd before March; for tho* the water be commonly froze thus 
“hard in one day's time, it requires a great many to thaw the ice. 
He adds, “tis ſurprizng, the Europeans ſhould remain unaffected 
« by this cold, and ſlight it as unable to produce ice in their quarter 
© of the world; for which reaſon we muſt ſuppoſe ſubterraneous effluvia 
© to be the cauſe hereof,” The common thermometer is, indeed, an 
uſeful invention, and the informations it gives us are, in many caſes, 
preferable to thoſe of our ſenſes ; but we greatly over- value it, by ſup- 
poſing it an exact and perfect meaſure of heat and cold. Its contrivance 
is liable to ſeveral exceptions; whence it becomes unapplicable in ſome 
cales, and improper in others. Beſides, part of the liquor being here 
contiguous to- the external air, tis apt to riſe and fall, not only as heat 
or cold affects the included air, but according to the different weight of the 
atmoſphere ; as both reaſon and experience aſſure us. Thus an ingenious 
phyſician found at the bottom of a very deep mine, that the water in a 
common thermometer, roſe three inches higher than at the mouth 
thereof; which, notwithſtanding the uſual warmth of ſuch deep places, 
was owing to the additional preſſure of a column of the air, equal 
to the depth of the mine below the earths furface. I have, alſo, fre- 
quently obſerved great variations to happen in the mercurial barometer 
upon conſiderable rains, fogs, or other remarkable and ſudden altera- 
tions in the air; and the ſame being likely to happen in the common 
thermometers, tis eaſy to miſtake the riſe or fall of the fluid they 
contain, for the effect of a greater or leſs degree of cold. 


4. Two thermometers of a large diviſion, and furniſhed with ſpirit of Eg. 


wine, one of them ſealed, the air being ſhut up in its lower part, the 
other open, as uſual, at top, being placed in a cloſe room, the fluid in 
the ſealed glaſs, regularly deſcended in cold weather, and aſcended* in 
warm ; and that with a ſmall hole at the top, roſe and fell with the 
other, whilſt the atmoſphere continued of the ſame weight ; but when 
that became greater, the liquor here ſtop'd ſhort of the height where- 
to it would, otherwiſe, have mounted. On the contrary, when the at- 
moſphere grew lighter, the liquor roſe higher in the open glaſs, than 
the increaſe of heat, alone, required; ſo that by comparing theſe two 
thermometers together, 1 could, uſually, forete] the height of the mer- 
cury in the Terricellian tube, and contrarywiſe, from the barometer, pre- 
dict the different aſcent of the liquor in them. And once particularly, 

Vor. I. Eeee upon 


577 


Fig. 5. 


3. and 4. 


678 Experiments and Obſervations upon Cold. 


PaysiCs. upon a conſiderable change of weather, which occaſion'd a great fall in 

the barometer, I found the liquor in the open glaſs, riſen ſeventeen 
diviſions higher than that in the other, tho' they before ſtood nearly 
level; and comparing the height of each, with the mercury in the 
barometer, obſerved a week before, the fluid in the ſealed glaſs had in 
that time deſcended five diviſions, whilſt the other in the open one, 
had aſcended thirty one. 

At another time, when the mercury ſtood higher than it had for a 
conſiderable while, whilſt the weather was warm and clear, and the 
fluid in the ſealed glaſs riſen to fifty, that in the other was ſunk to 
thirty two. From hence it is very poſſible, that an unregarded change 
in the weight of the external air, may compreſs that included in an open 
thermometer, more than a conſiderable degree of warmth can dilate 
it; and, conſequently, common thermometers, which include air in 
their tops, contrary to the common opinion, may riſe in warmer, and 
fall in colder weather. 

If this wants farther confirmation, I. might add, that, very lately, the 
mercury in the barometer, ſtanding at twenty nine inches, and the li- 
quor in the two above-mentioned weather-glaſſes, at nearly an 
equal height; upon the quick-ſilvers riſing 4 inch, the liquor in the 
ſealed glaſs aſcended to forty five, whilſt that in the open one, de- 

a ſcended below thirty five; that, upon the mercury's riſing 4 inch, the 
open glaſs ſunk twenty three diviſions, whilſt the ſealed one pre- 
ſerved its ſtation; that, the ſame being riſen to thirty inches, the 
ſealed thermometer ſtood at forty one, and the other below nine: 
laſtly, that the quick-filver continuing at thirty one inches, but the 
weather become much colder, the liquor appeared to have uniformly 
ſubſided in both glaſſes, ſtanding in the ſealed one at thirty three, but ſunk 
in the open one quite below the bottom mark, which I thought impoſſible 
without froſt ; for having before obſerved the ſealed glaſs to Rand 
at thirty four, the other was no lower than forty one ; whence I con- 
jecture, that the additional weight of the atmoſphere was the cauſe 
of this great difference; the quick-ſilver being now riſen to twenty 
nine inches, and almoſt an half. To conclude, the laſt obſervations ! 
made of this kind ſhew a greater variation in theſe glaſſes, than any 
hitherto mention'd ; the former being that of forty five diviſions : and 
the latter, being made upon ſomewhat a leſs exact glaſs than the above- 
mention'd, including air in its lower part; when the quick-ſilver in the 
barometer had aſcended + inch above its former ſtation, the preceeding 
night, the tinged liquor, in the ſhank, that meaſured twenty inches, 
was, in no cold ſeaſon, depreſſed above an inch below the ſurface of the 
furrounding fluid of the vial wherein 'twas plunged ; whilft a bubble 
of the external air was ſeen to paſs thro' the liquor, and join that con- 
tain'd in the vial. Such a difference is, doubtleſs, too ſurprizingly 
great to be alone attributed to the heat or. coldnels of the air. 
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We are greatly at a loſs for a ſtandard whereby to meaſure cold. The obſervations 


common inſtruments ſhew us no more than the relative coldnets of the air ; Za 
e 


. d — momet cry; and 
we cannot communicate the idea of any ſuch degree to another per- he ſealed bent 


but leave us in the dark as to the poſitive degree thereof: whence 


1 the de- 
s of ther- 


ſon. For, not only the ſeveral differences of this quality have no names of that inflru- 


afſign'd them, but our ſenſe of feeling, we ſee,. cannot herein be depended ” 


on; and thermometers are ſuch very variable things, that it ſeems morally 
impoſſible from them to ſettle ſuch a meaſure of coldneſs as we have of time, 
diſtance, weight, c. There are many degrees of coldneſs between 
lukewarmneſs and freezing cold, which we cannot expreſs in words; 
and even the terms here uſed are very indefinite : for what to one 
is lukewarm, will be judg'd hot by a ſecond, and perhaps cold by a 
third; and we find that different fluids, as oil, water, and wine, or 
even liquors of the ſame denomination, as difterent kinds of water, 
manifeſtly freeze more eaſily one than another. And, perhaps, the 
mildeſt degrees of cold ſuffice to turn ſome waters into ice; ſo that 
— differences of ſcarce any quality want names ſo much as thoſe of 
cold. 

Whoever makes many obſervations with a thermometer, is ſo con- 
fin d to that numerical glaſs, that any one of thoſe numerous accidents, 
whereto *tis expoſed, would, tho' he retriev'd his inſtrument, reduce 
him to find a new ſtandard whereby to meaſure the varying temper 
of the air : not to mention how exceeding difficult it 1s to include any 
fluid body, inſtead of air, in one of theſe glaſſes, fit to ſhew the altera- 
tions in the atmoſphere, without receiving impreſſions therefrom in its 
firſt admiſſion. Tho? I have ſometimes conſider'd whether the eſſen- 
tial oil of aniſeeds might not, during a conſiderable part of the year, 
be of uſe in the making and judging of thermometers; for this ſub- 
ſtance having the property to remain congeal'd at all times, when the 
weather is moderately cold; if by being thaw'd, and placed round the 
ball of the thermometer, furniſhed with rectified ſpirit of wine, and 
there ſuffered to congeal again of it ſelf, the height of the ſpirit of 
wine be obſerved, when the oil begins to curdle; this may aſſiſt to- 
wards making another thermometer like the former : for if the like 
ſpirit of wine be placed in an equal and ſimilar glaſs, a few careful 
trials made with this oil, thaw'd and congeal'd again, might bring 
the ſecond glaſs to a ſimilitude with the other. And if the quantity 
of the ſpirit be known, an eſtimate maPbe eaſily made, by the height 
it reaches in the neck of the inſtrument, of a known capacity, to what 
part of its original bulk it contracts. By means of the ſame oil, a 
conjectural eſtimate might alſo be made of the difference between two 
thermometers unequal in magnitude. Tis true, there are many ob- 
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pursics. jections to be made about the uncertainty of this method, propoſed as a 
ſtandard for weather-glaſſes; yet it may be of ſome 1mall ſervice in 


Fig. 6. 


comparing and making theſe inſtruments. Another attempt to anſwer 


this end is, by oblerving the coldneſs requiſite to begin the congelati. 


on of diſtill'd water: but the accuracy hereof is as queſtionable as the 


former; and *twill often be found impratticable, even in the winter: 


tis alſo troubleſome, but may prove ſucceſsful, when the cold is ſuf. 
ficient to freeze water. | 

But to leave this difficulty, which ſeems almoſt inſuperable, we may 
obſerve avoidable inaccuracies in meaſuring cold by thermometers, 
The ftems employ'd herein are not always ſufficiently even and Cy- 
lindrical ; but generally wideft near the bubble: and a proper propor- 
tion might be obſerved between the bore and the ſpherical part, which 
wou'd greatly increaſe the certainty and uſefulneſs of the inſtrument, 
Thoſe where part of the liquor is expoſed to the external air, might 
be much better contrived, at leaſt for particular *purpoles, than what 
are commonly uſed ; ſome whereof I have myſelf employ'd, that were 
made by inſerting the end of an open cylindrical glaſs tube into 
vial, and cloſing its mouth with cement, to prevent a communication 
between the external and internal air, except by the pipe. By this 
means, if you make choice of a large vial and a ſlender cylinder, the 
riſe and fall of the liquor employ'd, will be ſeveral times greater than 
in the ordinary glaſſes, where the air is confin'd in a much narrower 
ſpace. Theſe glaſſes not only allow of larger diviſions, and require no 
rames, which are conſiderations I here neglect, but are well fitted for 
many experiments, as we ſhall ſee hereafter on liquors and other bodies; 
they- being eaſily applicable hereto: and thus not only the coldneſs of 
fluids, but of earth, ſnow, powder'd ice, &c. may be meaſured, by bu- 


rying the vial in each reſpettively. 


Again, *tis generally concluded, that if the coldneſs of the weather 
cauſes the thermometer to riſe, for example, one inch to day, and another 
to morrow, the air is twice as cold on the ſecond day, as it was on the 
firſt; but the truth hereof ſeems very queſtionable : for tho' cold be 
allow'd to contract the air, yet it does not from hence follow, that a 
double degree of cold will cauſe a double condenſation in the air. For 
not only the different quantities of the included air in ſeveral inſtru- 
ments, the different capacities of the PiPes, and degrees of the air's 
expanſion, when included, render this hypotheſis very ſuſpicious; but 


the condenſation of the air, and aſcent of the liquor, chiefly procced 
from the preſſure of the external air ; and the power required to com- 
preſs air is, in a reciprocal proportion to the ſpace wherein it is in- 
cluded ; ſo that, for inſtance, if the reſiſtance of a four inch cylinder 
of air, be, when compreſs'd into two inches, a ballance for ten pound 
weight; an additional force equal to the former, will force it in- 


to the ſpace of an inch; whence, the condenſation of the air in ther- 


mometers 
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mometers muſt be eſtimated by the proportion that the ſpace it deſerts Puys1tcs. 
bears to the whole it before poſlets'd; regard being allo had to its . 


former degree of denſity. Nor muſt the reſiſtance of the included air 
be look'd upon as that of a weight, continuing always the ſame, but that 


of a ſpring, forcibly bent, which attempts to reſtore its ſelf in pro- 


portion as it is compreſs'd. 


The particular nature of the liquors employ'd in thermometers will 
alſo claim our regard, till the theory of cold becomes more perfect; 
for tho? of two fluids, the one is more diſpoſed to freeze than the other, 


the latter will not therefore be leſs ſuſceptible of the lower degrees of 
cold than the former: the thermometer made with ſpirit of wine much 
ſooner receives impreſſions from a faint degree of coldneſs, than thoſe 


that are made with water. Moreover, we cannot —_— be certain, - 
ub 


that the more ſubtile and ſpirituous liquors are leaſt ſubje& to con- 
geal or loſe their fluidity ; for the chymical oil of aniſeed, a very ſub- 
tile ſtrong and heating liquor, is more eaſily froze by cold than 
common water, and will remain in that ſtate for many days after ice 
is thaw'd into water _ There are, alſo, other diſtilld liquors, 
whole particles, tho* vehemently agitated, and exceſſively pungent on 
the tongue, and in theſe reſpetts, perhaps, not inferior to Aqua fortis, 
may be congeal'd by a far leſs degree of cold than wou'd freeze the 
common chymical oils, or ſaline ſpirits. And till the nature and cauſes 
of cold be better underſtood, tis not abſurd to imagine, that tho* ſome 
bodies ſeem fitted to produce this quality indiiferently in all the ſub- 
ſtances they invade; yet if the refrigeration of a body be only the 
leſſening of the agitation of its parts, there may be peculiar frigorific 
agents, . beſides thoſe corpulcles that ſeem to be the univerfal effici- 
ents of cold, for particular bodics. Thus mercury is congealed by the 
ſteams of lead, tho* thele appear to have no ſuch effect upon any 
other fluid; and tho' ſuch a degree of cold as will freeze water or 
wine, will not deprive quick- ſilver of its fluidity. And by the preced- 


ing relation of Martinius it appears, that water itſelf, in ſome coun- 


tries, may, by the nature of the ſoil, be ſo diſpoſed as to receive ſtrange 


impreſſions of cold in proportion to the effect, which a particular de- 


gree thereof there has upon human bodies. And opium, three or four 
grains whereof will deſtroy the heat of the whole maſs of blood in a 
man, does not, as far as I cou'd find by a good ſeal'd thermometer, 
ſenſibly refrigerate water; which ſeems to argue, that as different li- 
quors have their peculiar texture, ſo certain bodies may, by the me- 
chanical affections of their particles, be qualified to hinder the agita- 
tion of the parts of a particular liquor, into whoſe pores they 
inſinuate, without having the like effect in other liquors of a dif- 
ferent texture. What confirms me the more in this conjetture 
is, that 1 zw ſome liquors, which will inſtantly congeal, even 
highly rectified ſpins of wine, And the ſame 1 have, alſo, i 
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other fluids. *Tis true, in theſe experiments a congelation ſeems to 
be produced without any great additional coldneſs; yer I may here 
ſay, that by adding a particular ſubſtance, that wou'd ſcarce ſenſibly 
refrigerate common water, I can communicate a conſiderable degree of 
coldneſs to a particular fluid, which, to the touch, ſeems nearly of 
the ſame temper with water. | 

The ſealed weather-glaſſes, which I firſt introduced in England, are, 
in ſeveral reſpects, preferable to the common ſort. I found, indeed, ſome 
difficulty in bringing it to be allow'd, that a liquor hermetically ſeal- 
ed, wou'd rarify and condenſe, tho? ſome experiments aſſured me there- 
of; and I afterwards gain'd ſight of a ſmall thermometer brought from 
Florence, which farther convinced me of its 1 but to fill the 
longer ſort, is a task exceeding nice and difficult. The preſſure of the 
atmoſphere, which greatly diſturbs the common kind, is prevented in 
theſe, which may therefore be uſed with equal ſucceſs in any place, 
how high or deep ſoever. Neither is the liquor they contain liable 
to evaporate, or to be ſpilt in carrying: they may alſo be ſafely let 
down into the ſea, or immers'd in any kind of fluid. The liquor em- 
ploy'd in them, is highly reftified ſpirit of wine, tinged of a fine 
red with cochineal, open'd by volatile ſpirit of urine; ſo that we thus 
render it very conſpicuous, ſecure it from freezing, and keep it ſuſcep- 
tible of the ſlighteſt impreſſions from without; and *tis ſurprizing 
to ſee how many inches high the liquor will riſe in the cylindrical 
pipe of this uſeful inſtrument, by means of a ſmall degree of heat. 
We are the more particular upon this kind of thermometer, becauſe we 
ſhall hereafter make frequent mention thereof. But a philoſopher will 
not rely ſo much upon them, as to neglect ſearching after other more 
certain methods of meaſuring the degrees of cold, than either theſe or 
our ſenſes afford; for this inſtrument is not exempt from the imperfe- 
Aicns formerly mentiond. And tinged ſpirit of wine, being a parti- 
cular mixture, tis poſſible, the ſubtile effluvia of ſome bodies may get 
into it thro' the pores of the glaſs, which are permeable to the ef- 
fluvia of the load-ftone. To countenance this conjecture, I ſhall relate 
an odd phenomenon, which I obſerved ſince I began to write this hi- 
ſtory. Examining the temper of a ſtrange mixture, (to be particularly 


| mention'd hereafter) with one of our ſealed thermometers, by bury 


ing its ball and part of the ſtem therein; whilſt to the touch it ſeem'd 


oy lukewarm, the liquor was ſlowly impell'd to the height of nine 


inches in a tube, but little above a foot m length ; when, the inſtru- 
ment being removed from thence into a deep glaſs of cold water, out 
of which we took it, to make the foregoing experiments, the tinged 
ſpirit did not attempt to ſubſide, but continned within half an inch 
of the very top of the thermometer, tho' it appear'd n5 where 
diſcontinued by any bubble of air, Fhich might bee been occaſi- 
on'd by the warmth of the mix*qe, But wh was ſtill more ſur- 


prizing, 
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p:izing, tho' the inſtrument continued for four or five hours in the Pursicg; 
cold water, and ſome others expoſed to the air, the tinfture funk C@>/R& 


not above half an inch; nay, tho' the glaſs were let ſtand for a 
whole night in the window of a cloſe room, the liquor had not ſen- 
ſibly deſcended in the morning. Hence even ſeal'd thermometers, fur- 
niſh'd with highly rectified ſpirit of wine, may ſometimes be atte&ed 
by peculiar agents, that appear not to be the genuine effects of heat and 
cold. 

Orthelius tells us, that a liquor diſtill'd from the ore of biſmuth, will 
conſiderably ſwell in the including glaſs at the time of the full moon, 
and ſhrink at that of the new; but having never been able to pro- 
cure this ore, I can neither conſute nor confirm ſo ſtrange a phenome- 
non. Caſatus, indeed, makes mention hereof, but not from his own ob- 
ſervation. This however brings to mind, that I have made a tincture of 
amber, with highly rectified ſpirit of wine, which did, for many months, 
tho? kept in a well-ſtop'd glaſs, maniteſt certain changes, ſuſpected to 
proceed from ſome ſecret alterations in the air, which here operated 
more remarkably than ever I had obſerved upon any liquors wherein ſpi-- 
rit of wine abounded. And, perhaps, by careful obſervations, long con- 
tinued, upon thermometers filld with various liquors, and kept in the 
lame place, a difference wou'd appear between them, that cou'd be 
attributed to nothing ſo properly as the peculiar nature of the ſeve- 
ral fluids, which might be variouſly tinged by copper; as ſuppoſing 
Aqua fortis, Aqua regia, ſpirit of urine, ſpirit of ſal-armoniac, or oil of 
turpentine employ'd herein. But that ſealed thermometers, fill d with 
ſpirit of wine, may be affected in a different manner from what is 
uſually imagin'd, appears from the bubbles, which, after ſome time 
from their making, have emerged therein, and poſſeſs d the ſpace of 
ſeveral inches in the ſhank of the longer ſort. And if theſe bubbles be 
i{mall, and lurk between the ſperical and cylindrical part of the glaſs, 
they eaſily paſs unheeded, and prevent the 8 from moving accord- 
ing to the changes of the weather; for ſuch a bubble is more indiſ- 
poſed than the liquor, to riſe and fall in the ſlender tube. Hence it 
might be worth while to make collateral experiments and obſervati- 
ons, to rectify or confirm the thermometer, in the notices it gives us 
of cold; and perhaps a careful enquiry might procure us ſeveral o- 
ther bodies, either natural or fa&itious, for this purpoſe. Thus, tho” 
water, for inſtance, be thought the moſt apt fluid to freeze, yet we 
have diſtill'd a ſubſtance from benjamin, that will both congeal and 
thaw much more eaſily than that. Thus, allo, I have obſerv'd a ſo- 
lution of amber-greaſe, made with ſpirit: of wine, in ſulphureous or 
refinous tinctures, and other chymical: liquors prepared from , urine, 
hartſhorn, &c. wou'd ſometimes ſhew-perfeftly clear, and at others, ſuf- 
fer a greater or leſs proportion of the imbibed ſubſtance to fall to the 
bottom, or cryſtallize, accarding to the alterations in the weather, yo 
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pursics. to heat and cold. But, to return to water, tis ob ſerved - that the 
V rivers in ſome parts of Fance will ſuſtain boats heavier loaded in the 
winter than in the ſummer ; and ſailors have iniorm'd me, that their 
* ſhips draw leſs water upon the coaſts of frozen countries, than in the 
- Britifh ſeas; which ſhews water to be heavier in winter than in ſum- 
mer. The like difference is, alſo, oblervable-in - water at different 
times of the day, according as the air is then colder or warmer ; for 
having nicely pois'd a glaſs bubble, hermetically ſealed, to float any 
where in water in the morning; it would about noon, when that fluid 
was rarified by the heat, fink to the bottom, and at night gradually 
riſe again, ſo that by the next morning *twas uſually emerged to the 
top; and at other intermediate times of the day, it would, frequently, 
continue ſwimming up and down, between the bottom and the top, 
without reaching to either of them. Upon the whole, as by-realon of 
the various and unheeded prediſpoſitions of our bodies, the immediate 
informations of our ſenſes, are not always to be truſted as to the degrees 
of cold ; fo the common thermometers 'are uſeful inſtruments, and, 
in moſt caſes, - preferable to our touch, being leſs ſubj ct to unregarded 
changes than that ſenſe; yet as theſe inſtruments are affected by the 
different weight of the atmoſphere, as well as by heat and cold, they 
-may- eaſily, in ſeveral caſes, give us a wrong intelligence, unleſs the 
- Preſſure of the ' atmoſphere be, at the ſame time, obſerved by other 
means. The fealed glaſſes are far ſuperior to theſe, and, in particular, 
are not ſubject to the external preſſure of the air; ſo that they here de- 
ſerve to be depended on more than any other inſtrument hitherto 
. diſcover'd ; yet in caſes of nicety, other methods of examining the 
.coldneſs of bodies ſhould be uſed. And in the laſt place, we ought not to 
be diſcouraged from making various experiments, with relation to the 
meaſure of cold; tho they ſeem contrary to the vulgar notions 
thereof: for our theory of that quality is very defective, and ill grounded. 
1 ſhould never have attempted to make ſealed thermometers, if the 
popular notions of a Fuga vacui cauſing water to be ſuſpended in glaſs tubes, 
. of air being much eaſier condens d by cold than any other liquor, had 
prevail'd with me. | 


III. 


Thi cauſe of "Tis certain that the moſt obvious phenomena of common weather- 
the air's con glaſſes have not been hitherto ſufficiently examin'd. There are three re- 
denſation con- markable opinions as to the reaſon why the liquor of this inſtru- 
— . ment, aſcends with cold, and deſcends with heat; the firſt whereof is 
3 by cola, that of the ſchools, which ſuppoſes the cold of the external air to con- 
I® ebe common tract that included in the glaſs, and reduce it into a leſs compaſs than 
| before; whence the water neceſſarily aſcends to fill the vacuum. But 


this, we ſee, is not the caſe in the Torricellian tube; for the mercury here 
remains 
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remains at about the height of thirty inches, without attempting to riſe Puys1cs. 
and fill the void ſpace at the top. And in ſealed thermometers, the air RJ 


ſeems rather to expand, than ſhrink in cold weather. The ſecond 
opinion is that of Mr. Hobbs, when he ſays, © fluid bodies are made 
« colder by the preſſure of the air, that is a conſtant wind that preſ- 
« ſeth them: but we ſhall ſee hereaſter that water will be frozc, 
tho' ſealed up in glats veſſels, ſuſpended in others, and wholly im- 
merſed in untreezing liquors ; ſo that the water could by no means 
be raked with the wind, as Mr. H»bbs fancies. Beſides, there's no neceſſity 
for a wind to preſs the water up into the ſhank ; ſince it wil riſe in a 
ſtill place without the aſſiſtance thereof. But beſides the deficiencies 
of this hypotheſis, we find, by experience, that water, poured into a 
bolt-head till its ball, and large part of the ſtem be filled, will ſhrink by 
a degree of cold that falls ſhort of freezing, inſtead of riſing higher; 
and if a mixture of ice, or ſnow and ſalt, be applied to the bottom 
of a common thermometer, the water will be thereby made to aſcend 
feveral inches in the ſtem. Laſtly, Mr. Hobbs ſuppoſes the water 
in thermometers to deſcend merely by its own gravity z but this 
alone cannot, in ſome caſes, ſerve the purpoſe, without the aſſiſtance of 
the ſpring in the included air: for if a thermometer with a large 
ball, be placed in a window expoſed to the fun, the ſurface of the 
water in the tube, will often appear conſiderably below that on the out- 
ſide thereof; and conſequently this depreſſure proceeds not from the 
bare gravity of the fluid, but from the preſſure of the incumbent 
air. And for a farther proof hereof, if you keep ſuch a glaſs long e- 
rough in the ſun's heat, the water will be driven out of the ſhank, 
and forced thro' that which is external to it, in bubbles; when, if the 
remaining air be again cooled, by ſetting the glals in a place lels heated, 
the loſs of the air that eſcaped in bubbles, will permit the water to 
aſcend higher in the ſhank, than the ſame degree of cold would have 
before impell'd it. Thus much may ſuffice to ſhew the erroneoulnels 
of Mr. Hobbs's notion, 

The third opinion is that of ſome ingenious moderns, who account 
for the aſcent of the water in weather-glaſſes, by the weight of the 
air; for the coldneſs thereof, ſay they, cauſes the included air to ſhrink 
into a leſs compaſs z whence the water in a ſubjacent veſſel, is, by the 
weight of the incumbent air, (which preſſes more forcibly upon all the 
other parts of its ſurface, than upon that included inthe ſhank) imp2IFd 
into the part deſerted by the contraction of the air. But this ſolution, 
tho” ingenious, and true, and preferable to both the former, {ll 758 
pears inſufficient; tho? if we add hereto, the preſſure and ſpring ot the 
external air, not only againſt the ſurface of the water, but alſo that 
of the included air, it will fully account for the phenomenon : tor 
the preſſure of the continuous. air appears remarkably concern'd in 
contracting that ſhut up in the glaſs; the ambient air retaining its 
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Pays!cs. Whole preſſure upon account of its weight, whilſt the internal, by 
being cooled, loſes part of its preſſure, by reaſon of ics weaken'd ſpring, 


Fig. 6. 


glaſs, the water fell to this end, and poſſeſs d its due ſpace in the pipe. 
| © To 


In ſome caſes it may, alſo, happen that the air, which ſupports the 
water to be raiſed, will be leſs cold than the included, that is to be 
condenſed ; whence the former will have a ſtronger ſpring, and conſe. 
quently a greater preſſure than the latter. The following experiments 
countenance this ſolution. 1. Having almoſt half filled a fix ounce vial 
with water, we inverted thereinto a {lender glaſs pipe, ten inches 
long, ſealed at one end, and filled full of water by the other, which 
was immerſed, ſo that no air remained at the top of the tube; when, 
the neck of the vial being weli cemented, we plunged the bottom of 
the inſtrument in ſnow and ſalt, till the included water began to freeze 
both at the top and bottom: but the water in the pipe did not deſcend , 
ſo that either the air never ſhrunk, by ſo great a degree of cold, or 
the water did not remove out of the pipe to poſſeſs the place deſerted 
by the cooled air. We afterwards attempted to repeat this experiment 
in the ſame inſtrument, but the ſealed part of the tube being broke 
in our abſence, (by the ſwelling, as we ſuppoſed, of the water, upon 
freezing,) prevented us. 

2. We, therefore, faſten'd into the ſame viol, a pipe ſome inches 
longer than the former, but drawn very flender at the ſealed end ; when, 
having ſet the vial to freeze, as before, without finding the water de- 
ſcend in the tube, we broke off the ſealed end, upon which the water 
was ſwiftly depreſsd to the depth of ten inches; but ſo that it yet 
continued conſiderably higher than the ſurface of the water in the 
vial. After this, by rarifying the air in the vial, and blowing into it 
thro* the pipe, the water roſe, almoſt, to the top of the tube; the 
flender end whereof being ſealed, the vial was again placed in ſnow and 
falt : but the ſpring of the rarified air at the top, was ſo weakned by 
the refrigeration, that it could not ſenſibly depreſs the water ; wherefore 
breaking off the ſealed apex, as beiore, the external air immediately 
ſunk it ſeveral inches. 

3. Fora farther experiment we left, in the ſame pipe, about 3 inches 

height of air very lightly rarified ; when, again, placing the vial in ſalt and 
ſnow, we obſerved that the air in the pipe expanded it ſelf very little, 
upon the refrigeration of that in the vial, tho the water in the vial 
were conſiderably froze ; but upon breaking the ſealed end, the exter- 
nal air preſently depreſs'd the water above two inches below its laſt 
level : and removing the glaſs into a warmer room, the water aſcended 
above an inch higher than the ſame uppermoſt level ; whence we, with 
ſome probability, concluded our thermometer ſtanch. 

4. Having poured a proper quantity of water into a glaſs, reſembling 
the bolt-head of a common thermometer, except that its ſmall end was 
drawn very flender, which we hermetically ſealed; and inverting the 
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To the round end of the glaſs, we then applied a mixture of ſhow Pursics. 
and ſalt, whereby, tho” the internal air was, doubtleſs, greatly refri- C 


gerated, yet the water did not manifeſtly riſe; and if it had, that 
might very well proceed from an expanſion of the aerial particles which 
ulually remain in common water, occaſioned by the diminiſhed preſſure 
of the air above the ſurface of the water, whilſt the ſpring of that air 
was weakened by the cold, But, to compleat the experiment, break- 
ing off the ſlender end of the glaſs, under water, (whereby the included 
air became contiguous to water, which immediately communicated 
with that, whoſe ſurface was every where preſs'd by a column of the ex- 
ternal air incumbent thereon,) the water was ſuddendly impelled into 
the pipe, to the height of ſeveral inches. 

5. We procured ſeveral glaſs bubbles of various ſizes, each of 
them furniſhed with a long ſlender ſtem, whereinto we conveyed a drop or 
two of water, which was there kept ſuſpended, ſo as to manifeſt the 
ſmalleſt changes in the rarifaction or condenſation of the air, whereto 
it was contiguous. Now when the pendulous water here, approached 
near the top of the ſtem, we could, in an inſtant, with the flame of 
a candle, ſeal up the orifice thereof; and when, having done thus, 
we placed the glaſs in ſalt and ſnow, 72 the pendulous water nearly 
preſerved its ſtation. But if, with a pair of ſciſſars, the ſealed end were dex- 
trouſly ſnipp d off, the water would be ſwiitly forced down, ſome- 
times many inches below its former ſtation, and ſometimes quite into 
the round end of the glaſs. We farther obſerved, that, not only when 
theſe thermometers were ſealed, the uſual degrees either of cold or heat in 
the air would not, conſiderably, affect the pendulous cylinder, tho', if 
left open, they ſhew'd, as we ſaid before, the minuteſt differences 
hereof ; but we ſeveral times, ſuddenly, ſealed one up, whilſt the pen- 
dulous water was deſcending therein, whereupon 1:s motion would im- 
mediately ſtop in that part of the ſhank where it chanced, at that time, to 
be; and the fluid wou'd there continue till the ſealed end were broken off. 

6. We took a large glaſs egg, with a long ſtem, bent in the form 
of a ſiphon, whoſe ſhorter leg was drawn ſmall, and poured a con- 


Fig. 8. 


venient quantity of water into it, which aſcended to a conſiderable - 


height in both legs; after which, the ſhort one was expeditiouſly ſeal-d, 
while a tolerable quantity of air remain'd above the water it contain'd, 
to impel, by its ſpring, the water into the longer, upon the refrigera- 
tion of the air included in the latter. This done, we placed the 
whole glaſs in a convenient frame, ſo that the oval part was ſupported 
thereby; whilſt underneath hung the bended ſhank of the glafs in 
ſuch a manner, that a mixture of ſnow and falt might be laid upon 
the frame, to ſurround and cool the air, included in the egg, without 
much affecting that in the cylindrical part of the glaſs ; and upon the 
application hereof, for a proper time, the water in the. longer leg aſ- 
cended, and the air in the ohr rariſied a little: but as ſoon 5 
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Puxsics. the ſlender wire, wherein the ſhorter leg ended, was broke oft, the ex- 
W ternal air, ruſhing in, cauſed the water to riſe above 24 inches in the 


. Experiments . . 
or other, ſuſceptible of actual cold; at leaſt if our ſe 


with beats 
capable of 
Freezing o- 
thers.. 


Tis poffible, in 
ten ice may freeze water poured in the inſtertices of their parts; but 
there's a wide difference between this caſe, and only ſurrounding a 


longer leg, and then, there not being water enough, broke through it 


in many bubbles. In which caſe, the aſcent of the water in the len- 
ger leg, cannot be attributed to the weight of the air in the ſhorter, 


becauſe it is vaſtly too ſmall for that purpoſe; but to the ſpring of 


the ſame. And *tis not ſurprizing, the expanſion of that air ſhould 


be ſo ſmall, ſince, as we ſhall ſee hereafter, the refrigeration of the air, 
in ſuch experiments, is very inconſiderable z whence the air in the 
longer leg cou'd yield but very little to that in the ſhorter. 

From what has been hitherto offer'd, it appears, that the buſineſs 
of thermometers is, at preſent, but very imperfectiy underſtood ; and 
that farther experiments and obſervations are required to. ſettle this 


6 IW. 


All ſublunary bodies, fire alone excepted, are . at ſome time 

es were to judge: 
and even as to fire itſelf, the point muſt remain undetermin d, till we 
know whether that be a particular ſtate of matter, as wind, for in- 


ſtance, is, or elſe a ſpecies of natural bodies; for ſome ſubſtances, as 
gun- powder, are inſtantaneoufly turned into fire; and others, as ſpirit of 


wine, are wholly inflammable, tho” before ignition they were ſenſibly cold, 
nay gun-powder, if its ſcatter'd parts be collected in a cloſe veſſel, 
will, immediately after exploſion, give the ſenſation of coldneſs. But 
our deſign is here not to engage in nice queſtions, but to deliver the 
phenomena of congelation, 

1. There are but few bodies capable of freezing others, in our 
climate; and among the moſt remarkable, is a mixture of ſnow 
and falt, which, tho” little uſed in England, is frequently employ d in 


Italy, and other countries, to cool their liquors and fruits, by immer- 


ſing them therein. | 
2. We cou'd not find, upon ſeveral trials, that ſuch glaſſes of wa- 
ter as were 1 froze by this mixture, wou'd be ſo by ſnow alone. 
eed, in very cold countries, that both ſnow and bea- 


veſſel of water with the mixture: and perhaps the ice and ſnow of 


frigid climates may have a greater degree of coldneſs, than they have 
in England. And tho' a veſſel of water, buried all night in ſhow, ſhou'd 


freeze, the effect muſt not be wholly attributed to the ſhow, if the 


coldneſs of the air wou'd, alone, have produced it, and did at all con- 


tribute thereto. 


3. Tis not only ſea-ſalt that added to ſnow, will increaſe its freezing 
faculty; for ſeveral other things have the like virtue: nitre, alum, _ 
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ol, ſal-armoniac, and even ſugar, may here be ſubſtituted for common Puyncs.” 


falt, tho? not, perhaps, to equal advantage. g 

4. Spirit of talt, tho* it fuddenly diſſolves ſnow, yet, upon . 
count of its fluidity, cou'd not, in the uſual m enger, be detain d long 
enough thereon to freeze even a very ſmall quantity of water. 

5. We, therefore, put ſome ſnow into a thick, green, glaſs vial, and 
mix'd with it a proper quantity of weak ſpirit of falt ; then, ſtopping 
the veſſel, we ſhook them well together; yet. the glaſs appear'd only 
bedew'd on the outſides, without exhibiting any thing frozen. But 
ſuſpecting the thickneſs of the glaſs might hinder the effect, we put 
the like mixture into two thin vials, one whereof was firmly cloſed, 
and the other {lightly ; when, having long ſhook them, we found what 
adhered to their outſides thinly frozen. 

6. Let it be here obſerved, that in this kind- of experiments, the 
ſnow or ice, included with the ſaline ingredients, was always thaw'd 
within the glaſs; and that, conſequently, it muſt be the condenſed va- 
pour of the air, or other liquor which adhered to the outſide there- 
of, that turn'd to ice: and for this reaſon we frequently uſe the word 
freeze, for the operation of the frigorific mixture, here applied, upon 
other bodies. | | 

7: Upon mixing ſnow with oil of vitriol, in ſuch a vial as the laſt 
mention'd, we found its freezing power much greater than that of 
ſpirit of ſalt. And to ſhew that, in theſe experiments, the cold was 
tranſmitted thro? the ſides of the glaſs, and that the air included, be- 
ing greatly cooled by the mixture, did not by communication enable 
the air contiguous to the outfide of the vial, to freeze the 'dew there- 
on; we ſeveral times ſealed up the containing veſſel, and afterwards 
froze, by means of this mixture, the external moiſture. | | 

8. Spirit of nitre, we obſerved, froze more ſtrongly than either oil 
of vitriol or ſpirit of ſalt, and continued this virtue till. the included 


' ſnow, that lay oppoſite thereto, was almoſt wholly diſſolved: and this 


we” experienc'd, not only in a thin, ſealed glaſs, but alſo in a to- 
lerably thick one, ſtopp'd with a cork. 

9. We afterwards ſucceſsfully made the experiment with ſpirits leſs 
acid, as that of vinegar, and the red empyreumatical one of ſugar z 
= the films of ice, with the latter, were very, thin, and apt to va» - 
10. Urinous volatile ſpirits were next made uſe of. Spirit of urine 
and ſnow being agitated in an open vial, diſcernably froze the exter- 
nal moiſture ; but with ſpirit of ſal-armoniac, cum calce, the effect was 
quick and ſtrong. 

11. Acid and volatile ſpirits having been tried apart, we alſo.try'd 
them in conjunction. Pouring / ſome ſpirit of urine and oil of vitriol 


upon ſnow, and ſhaking them together in an open vial, the mixture 


did freeze, tho very faintly... r3. 
12. IK : 
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12. Some trials alſo were made with the groſſer ſalts, as Sal Cem; 


A ſupblimation of fal-armoniac and common ſublimate, ſugar, &c. with 


al} which, the experiment ſucceeded. A very ſtrong ſolution of pot- 
athes, alſo, mixt with ſnow in an open ſingle vial, froze, tho? faint- 
+; and a ſolution of pure ſalt of tartar, managed in a like manner, 
produced thin films of ice. | 

13. Having filld a ſingle vial with ſnow, we poured thereto a pro- 
per proportion of a very {ſweet ſolution of Minium, made with ſpirit 
of vinegar; when, ſhaking them together, we found films of ice on the 
outſide of the glaſs; tho a parcel of the fame ſolution, kept for ſe. 
veral hours in ſnow and ſalt, was not thereby frozen. In ſearch 
of the cauſe whereof, we ſealed up a ſingle vial of pure ſhow, which 
thaw'd much more ſlowly than any of thoſe parcels wherewith ſalts 
or ſpirits had been mix*'d. And fo far as my obſervation reaches, no 
ſalt, that promotes not the diſſolution of ſnow, will enable it to produce 
ice, tho' it cauſes dew on the outſide of the containing vial ; thus, 
neither cryſtals of tartar, nor borax pulverized, nay, nor ſublimate, 

wou'd diſpoſe ſhow to freeze, but lay, for a conſiderable time, un- 
diſſolv'd therein. | | 

14. Lime-water, twice tried, wou'd not make ſnow freeze ; but this 
liquor was above a year old, whence probably its ſpirit might have 
evaporated. But all the vials that froze not, collected ſtore of dew, 
which I attribute to the ſole melting of the ſnow. 

15. Nor wou'd diſtill'd oil of turpentine cauſe ſnow to freeze. 

16. Sealing up a convenient quantity of pure ſpirit of wine in a vial, 
almoſt filld with ſnow, we obſerved the freezing virtue of the mix- 
ture to be greater than any hitherto mention'd ; its effect was allo 
laſting, and that too in another vial that was left open ; but the ſeal- 
ed up parcel, cruſted over the outſide of the glaſs with ice, which 
we took off in flakes of a conſiderable breadth and thickneſs ; nay, it 
immediately froze urine into figured ice, that might be ſcraped from 
the glaſs. | 

17. Happening to mix ſhow with a lucky proportion of ſpirit of ni- 
tre, it froze with that ſuddenneſs and vigour, as, in an inſtant, to fix 
the vial to the floor *twas ſet on; when, bedewing the - outſide of the 
glaſs with ſpirit of vinegar, it froze into tolerably thick ice, retain- 
ing the falt taft of the ſpirit. This mixture, indeed, wou'd not diſ- 
cernably freeze ſpirit of nitre on the outſide, tho? it did a weak ſpi- 
rit of falt, and preſently turn'd other faline liquors into figured ice, 
repreſenting ſmall circles croſſing each other, and ſuddenly vaniſhing. 
Fart of ſal-armoniac, made with lime, was alſo congealed hereby, 
whereupon it ſhot into branches, almoſt like thoſe of ſal-armoniac, or the 


like undiſtill'd ſalts diffoly'd. And it was pleaſant to ſee, how, upon 
inclining the glaſs to let the freezing mixture reſt near any of the 
Ipirit, the liquor wou'd ſuddenly ſhoot into ramifications, ſo that the 
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eye cou'd plainly diſcern them to grow, as it were, and ſoon over- Puvysics.. 
ſpread the ſurface of the glaſs, and then preſently vanith. Several un- 


diftilld fermented liquors being, alſo, applied to inow, inſtead of ſpirit 
of wine; the experiments ſucceeded not with ſmall beer, but wine 
and moderately ſtrong ale produced a light ice. 

18. Obſerving that whatever haſten' d the diſſolution of the ſnow, 
generally promoted its freezing, twas thought proper to try what 
wou'd be the event of ſuddenly diſſolving ſnow by bodies actually 
warm. Into a ſingle vial almoſt falld with ſnow, we poured a toler- 
able quantity of heated ſand, to diſſolve the ſnow in many places 


at once, without heating the external air, or the outſide of the glaſs; 
and tho* the ſolution of the ſnow was hereby promoted upon ſhaking. 


the veſſel, yet the outſide of the glaſs was only bedew'd, not frozen. 


Into another vial almoſt fill'd with ſnow, we poured warm water, 


that it might fall upon the middle part thereof; then taking a con- 
venient time to ſhake the glaſs, we, by this means, produced a very 
conſiderable degree of cold, and much dew on the outſide, but cou'd 


not be certain it was frozen; tho' the experiment deſerved to be re- 


peated. 


19. Tis a popular opinion, that the hoer-froſt, viſible upon glaſs. 


windows in a froſty morning, is an exudation of the glaſs, condens'd 


and froze into various figures, by the cold external air. But the 
ice lies not on the outſide, but inſide of the windows, where *tis ge- 


nerated of the watery particles floating in the air of the room, and 
by their proper motion paſling along the ſurface of the glaſs, where 
they are, by the vehement cold of the adjacent, external air, commu- 
nicated thro* the glaſs, condenſed into dew, and frozen into ice. 


20. Many modern naturaliſts hold, that glaſs is eaſily pervious to 


air, and ſeveral ſubtile liquors, who may, therefore, aſſert that the ice 


in our experiments proceeds from the fine parts of the cold mixture paſ- 


ſing thro* the pores of the glaſs, and ſettling on the outſide thereof. 
But the following experiments will ſnew the falſity of this doctrine. 
21. A mixture of ice and ſalt, weighing four ounces and a quarter, 
being included in a vial, and condenſing the vapours of the external air, 
thereby increaſed its weight twelve grains. Another vial of ſnow, that 


weighed two ounces, ſix drams, and a half, by condenſing the vapour of 


the external air, augmented the weight of the vial and its contents 
four grains; and in the ſcale, we found the water flowing from the dew, 
which gave this increaſe of weight. The tip of this ſealed vial 
being broken under water, a conſiderable quantity of that fluid was 
drawn in; whether upon account of ſome {mall rarifaction of the in- 
cluded air, cauſed" in the ſealing, or of its coldneſs receiv'd. from th 


inow, or both together, I ſhall not now inquire. | 
222. Others 
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22. Other experiments were made, wherein this increaſe of weight 


K Was more conſiderable. We ſealed up as much ſnow and falt, in a 


— — 


Experiment: 


ſingle vial, as, being afterwards melted, weighed between five and ſix 
ounces; and the ſolution beginning to be made, the dew on the out- 
Hide began to-congeal, and 'when rubbed off, the hoar-froſt would pre- 
ſently appear again. We next ballanced this glaſs in a pair of ſcales, 
hen, as the external vapour of the warm room condens'd to its ſides 
and froze, the ſcale containing the glaſs ſunk gradually lower; but 
by adding weights in the other, we again reduced them to an equili— 
brium; tho” the former wou'd ſoon after deſcend; till the included thoyw 
was thaw'd; fo that the whole weight required to bring the balance 
even, was about eight or ten grains. The vial being then taken out, 
there appeared near half a ſmall ſpoonfull of liquor in the ſcale where. 
in it ſtood, occaſioned by the thaw of the ice generated on its ſides; 
but no moiſture appear'd in that part of the ſcale that was covered 
by the convex part of the bottom of the glaſs. 

23. A like quantity of ſnow being ſealed up with ſpirit of wine, 
in a ſingle vial, the outſide was preſently caſed with ice to the ſame 
Height that the mixture ſtood within: this vial alſo was counterpoiz'd, 
and ſunk as the former, and about ſeven grains were required to reduce 
the ballance to an equilibrium. 

24. When the experiment happened to be more luckily made, this 
increaſe of weight was ſtill greater. At one time, when the mixture 
of ſnow and ſpirit of wine weighed three ounces and three quarters, 
it afforded eighteen grains of condenſed vapours. At another time a 
mixture of ſnow and ſal-gem, that weighed three ounces and ſeventy 
grains, gave an additional weight of twenty grains of water.“ 


V. 


7. Different bodies will freeze with different degrees of cold; but it 


and obſerua- Were endleſs to try, particularly, what ſubſtances are capable of con- 


tions wpon 60 
dies diſpoſed 


gelation, and what not: but not to leave this part of our hiſtory 
umntouch'd, we ſhall mention a few. | 

2. In very cold ſnowy weather, we obſerved. water, urine, bear, ale, 
milk, vinegar, French wine and Rheniſh, to be either wholly, or in part, 
converted into ice, tho' the two laſt but ſlowly. We alſo frozea 


* Something like theſe experiments, | 


whereby a great degree of cold is pro- 
duced, ſeems to be done by nature in a 
cave, in Franche County, fifteen miles from 
Beſanſon to the Ea. In this cave it js exceſ- 
five cold in ſummer, and proportionably 


colder as the weather abroad is hotter. For 


The place abpunding in nitrous ſalt, or ſal- 


armoniac, and eſpecially the top of the 
cave, the heat of the ſummer putting 
this ſalt in motion, it-mixes and unites 
with the waterxhat runs down the ſides 
and clefts of the rock into the cave, and 
there congeals into ice. Hif, de  Aco- 
dem. A. 1712. p. 2729. 
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ſtrong ſolution of gum-arabic and white ſugar, made in common wa- Physics. 
ter; and expoſed to the cold air, the like ſolutions of alum, vitriol, CC524Rg 


{alt-peter, ſea-ſalt and verdigreaſe in ſingle vials: thoſe made with the 
alum, nitre, and verdigreaſe, froze without any remarkable phenomena; 
in that of vitriol there remain'd, at the bottom of the glaſs, a conſi- 
derable quantity, clear and unfrozen, the colour whereot ſhew'd it to 
be greatly impregnated with the vitriol, while the upper part of the ſame 
diftered little in colour from common ice. 

3. Not only theſe groſſer ſaline bodies were thus expoſed, but alſo 
ſuch as had been refined by fire. Spirit of vinegar, and ſpirit of urine, 
being expoſed, in ſeparate glaſſes, to an intenſe cold, we obſerved them 
both to be frozen. 

4. To two ounces of water we added a dram of the fiery lixiviate 
ſalt of pot-aſhes, and expoſed them to a very ſharp air; when coming to 
examine the ſucceſs, we found little fticks of ice upon the top, like 
the cryſtals of rock nitre, whilſt others ſhot downwards in great 
numbers. 

5. Oil of tartar per deliquium, tho' it ſeem'd greatly to reſiſt the 
cold, was, notwithſtanding, once brought to congeal by ſnow and 
ſalt. 
6. As to the freezing of common expreſs'd oils, I know not what to 
determine. That they may, by a very intenſe cold, be deprived of 
their fluidity, ſo as to be cut into portions of any figure, my own ex- 
periments perſuade me. But whether they are convertible into real 
ice, is a queſtion undeterminable by any trials we could make in Eng- 
land. I am informed, by the Ruſſian Emperor's phyſician, that oil in 
Muſcovy, freezes much harder than with us; but will not there become 
perfect ice: on the other hand, Captain James tells us expreſly, that in 
the Iſland where he once winter'd, © their oil, as well as every other li- 
« quid, was frozen ſo hard as obliged them to cut it with a hatchet.” 
And Olaus Magnus relates, that © in the battles fought upon the ice, in 
ce the northern regions, the ſoldiers wear not leather, but woollen harneſs 
ce on their legs; becauſe, © ſays he, the cold, in theſe parts, gives the 
ce ſlipperineſs of ice to whatever is dreſs'd with oil.” Common aniſeed- 
water, and the like weak ſpirits, will, by the cold in Muſcovy, accord- 
ing to the relation of the phyſician above-mentioned, be turn'd into 
an imperfett ice; and the ſtronger ſpirits into a ſubſtance like that 
of oil. 

7. A ſolution of minium, made with ſpirit of vinegar, was, upon the 
26th of December in the morning, tho' it ſtood near the fire, ſo ſtrongly 
frozen, that part thereof appear'd ſhot into Saccharum Saturni ;, whilſt 
a ſmall quantity remain'd on the top unfrozen, of a yellow colour ; 
which being poured out, did not congeal. 

8. A ſolution of gold, made with ſalts, that ſtood with the ſolution 
of minium, was allo frozen. | 
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9. A quantity of the tincture of Lignum Nephriticum, that filled a ping 


LR val, being froze, exhibited no colour in the ice, whilſt it remain'q 


Solid bodies 
Faxen. 


fluid. 
10. Mr. Drummond informed me that he had often ſeen wine, and brandy, 


frozen in Ruſſia; but that the ice of the latter was leſs hard than the 
common ort. 


It. A French chirurgeon told me he had ſeveral bottles of brandy 
frozen in Ruſſia; whilſt a liquid part retired to the center, and appeared 
to be ſpirit of wine, vaſtly ſtronger than common brandy. 

12. The Ruſſian Emperor's phyſician acquainted me, that on the 7: 
of December, having put ſome French brandy into a China cup, and ex- 
poſed it to the air, it was, in three hours time, turn'd into a cruſty 
Xe upon the ſides of the cup; and that expoſing water and fallet-9:] 
together, the latter was reduced to the firmneis of tallow, while the 
former .rema'n'd unTozen, 

13. As to the freezing of ſolid bodies, we have ſometimes tried it by 
expoling wood, and branches cut off from growing trees, to an intenſe 
degree of cold, by which they ſeemed, in one night's time, to be, tor 
ſome little depth, manifeſtly invaded by the froſt. But a domeſtic of 
mine having, lately, felled an old apple-tree, on a day that had been pre- 
ceded. by a fortnights bitter froſt, inform'd me, that he found the 
froſt had pierced the very middle of it, tho' it was a foot diameter, 
And an experienc'd artificer in building, told me he had often ſcen, 


here in England, pieces of timber rey frozen, and render'd exceed- 
0 


ing difficult to be ſawed; the troft alſo evidently continuing in the 
ſaw-duſt. And, therefore, it will be the leſs ftrange if, in Poland, 


the effects of cold upon wood, be more conſpicuous. A learned na- 
tive aſſured me, that it was there uſual to have wood frozen fo hard, 
that the hatchets wou'd not cut, but rebound from it: he told me, 
alſo, that he had ſeveral times ſeen pieces of timber, which, having 


been throughly frozen in the air, and afterwards brought into warm 


rooms, were covered with a kind of hoar froſt, which made them look 


white. He added, that his bow, which I ſaw, was very ftrong and tough, 
for it conſiſted of horn and other cloſe materials, would be ſo changed 


by the froft, that unleſs ſpecial care were had in thawing of it, it 


would break. 
14. That marle, chalk, and other leſs ſolid terreſtrial concretions, 


will be ſhattered by ftrong and durable froſts, is obſerved by hus- 


bandmen, who find them thereby the better fitted to manure their land; 


the texture of thoſe bodies being, by congelation, in great part ditfolv d 


but that true and ſolid ftones, ſuch as are employed in noble bui'd- 


ings, ſhould be ſpoiled by the froft, will, perhaps, ſeem very impro- 
bable; yet I have learned from a moſt ingenious and experience d mi- 


fon, that he had often obſerved, both free- ſtone, and harder ſtoncs 


chan that, to be exccedingly ſpoiled by the froft, and reduced t9 
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lieſt fabrics in Ezgland, chiefly conſiſt of theſe ſtones, and yet very well 
endure the inclemencies of the air 3 we muſt oblerve, that the diffe- 
rence may not depend upon the peculiar nature of the ſtones employ'd, 
but on the ſeveral ſeaſons in which they were dug out of the 
quarry. For if they be hewn out of the rock in cold weather, and 
employed in building the fame winter, they will, upon very hard 
froſts, be apt to ſhatter or ſcale; but if dug early in ſummer, and 
ſulfered to lie expoſed to the ſun and air, during all the heat thereof, they 
will thereby be ſeaſoned, and made able to endure many ſharp winters un- 
impaired. It ſeems to me worth trying whether, during their lying ex- 
poſed to the ſun, they do not exhale a certain unripe mineral ſap or 
moiſture, which, remaining in the ſtone, may, by very piercing froſts, 
be congealed and ſhatter its texture. This ſeems agreeable to what 
an underſtanding perſon, who is maſter of a great glaſs-houſe, told me, 
of his great earthen pots, which are made up with as little wa- 
ter as Poſſible, and thence become deſervedly famous for their durable 
texture; for he aſſured me that if he did not take care to keep the 
froſt from getting into them, thoſe ſolid veſſels wherein he uled to 
keep his glaſs infuſion, would, in the fire, ſcale, crack, or fly; and be- 
come unſerviceable ſeveral weeks ſooner than if they had never been 
impaired by the froſt. He, alſo, affirmed that in very hard froſts ſe- 
veral glaſſes that had continued intire for many weeks, would, as it 
were of their own accord, crack with a loud noiſe. 

To this may be added, the teſtimony of an experienced French au- 
thor, Bernard Paliſly, who tells us, «© that the ſtones of the moun- 
* tains of Ardenne, are harder than marble; and yet the inhabitants 
ce of that country do not take them out of the quarry in the winter, 
*-becauſe they are ſubje& to the froſt; and that it has often been 
* found upon thaws, that the rocks, without being cut, have fallen down, 
* and thereby killed many perſons.” It may ſeem far more unlikely, 
that froſts ſnould get into metals themſelves; yet the Polonian lately 
mention'd, aſſured me, that upon drawing his ſword, or pulling out 
his piſtols in a warm room, after he had been long in the field, he 
has preſently found them almoſt whitened over by a kind of ſmall hoar- 
froſt. But if we credit Olaus Magnus, conſiderably thick pieces of iron 
and ſteel will, in the Northern regions, be rendred ſo brittle, by extreme 
froſt, that they are there obliged to temper their inſtruments after a 
peculiar manner. And even here in England, I have cauſed trials to be 
made in very froſty weather, whereby, if an expert ſmith, I then 
employ'd, did not wilfully deceive me in the iron, that metal may, 
by ſuch degrees of cold as even our climate affords, be rendered 
exceeding brittle : and he ſeveral times affirmed to me, that there 
are ſome kinds of iron which he could hammer and turn, as th 
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crack or ſcale off, and thereby blemiſh and prejudice the houſes built Puxsics. 
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phraſe it,” cold, in operi weather, which yet in very hard froſts, would 


become fo brittle as, by the ſame way of working, eaſily to break or 
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fy aſunder; and this he aſſerted both of iron and fteel; as to the lat- 
ter of which, another very skilful workman certified the like. And tor 
further ſatisfaction about this matter, I enquired of a very dexterous 
artificer, well skilled in making ſprings, whether he found a 
neceſſity of giving them a different temper in very froſty weather; who 
told me, that to prevent their breaking in ſuch weather, he waz 
obliged to let them down lower than at other ſeaſons ; which makes 
it probable, that cold may have a confiderable operation upon bodies 
where it is not ſuſpected. And this. affords a hint that may poſſibly 
reach further than we ſeem to be aware of; as to the ſhare that quality 
may have in producing many phenomena of nature. 


VI. 


1. We found many diſtilled ſpirituous liquors, well freed from phlegm, 
which diſpoſes bodies to congelation, cou'd not be brought to freeze, 
either by the cold of the open air in froſty nights, or ſuch an appli- 
cation of ſnow and water as ſerved to freeze other ſubſtances, 

2. Of this kind were Agua fortis, ſpirit of nitre, ſpirit of ſalt, oil of 
turpentine, and almoſt all the chymical oils. Spirit of wine alſo, and 
of other fermented liquors, would not congeal ; and even fack it felf, 
if good, would ſcarce afford any ice at all. But after burning away 
ſome of the more ſpirituous parts of a quantity of this wine, that 
would yield no ice, the remaining portion was eafily brought to freeze. 
Having expoſed two drams of pot-aſhes diſſolved in one ounce of water, 
the vial that contained them was cover'd with hoar-froft and ice on the 
outſide; but the mixture froze not a whit within. At another time, 
a very ftrong ſolution of ſalt of tartar kept fluid, whilſt a tolerabl 
ftrong ſolution of pot-aſhes, that was expoſed therewith, froze. Theſe 
experiments, therefore, with lixiviate liquors, ſhou'd be repeated, to 
reduce them to a certainty. - 

3. Train-oil, which is made, by the help of fire, from the fat of 
the whale, expoſed twice or thrice in a vial to a very cold air, con- 
tinued fluid; till at length, the night proving exceſſive cold, *twas con- 
gealed the next morning. But what credit does this bring to the re- 
port of Olaus Magnus, who tells us, tis uſual in the northern regions 
to fill up. the frozen ditches of fortified places with train- oil, in the 
winter, to preſerve the lower water fluid, and keep the enemy from 
paſſing them. *Tis however worth enquiry, whether the whale-oil 
uſed by the Swedes, Laplanders, vue weer, &c. be different from ours, unleſs 
Olaus Maguus maybe juſtly fa'd to have often impoſed upon his reader. 

4. A ſtrong ſolution or common ſugar was eafily converted into ice, 
but one of Saccharum Saturni, cow'd not be thus alter'd by ſalt and 


inow 3 which is the more remarkable, becauſe. of the two — 
| 0 
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of this preparation, lead and ſpirit of vinegar, the former is allow'd Parics.. 
to be a very cold body, and the latter has, by a like degree of cod 


to that here uſed, afforded ice. And as Saccharum Saturni is but a 
kind of vitriol of lead, tis remarkable, that its ſolution ſhou d not 
freeze, as well as that of common vitriol, when to make the latter, 
metal 1s corroded by a ſpirit probably much ſharper and ſtronger than 
that of vinegar. | 

5. We, likewiſe, attempted to freeze quick- ſilver; and for that end, pro- 
vided a thin bubble blown fo flat, that its oppoſite ſides almoſt touch d 
each other, which, therefore, contain'd but a ſmall quantity of mer- 
cury, ſpread out into a large ſurface, to receive the action of the cold: 
but our endeavours herein prov'd fruitleſs, tho? the laſt trial was made 
in the ſame intenſe degree of cold, with one of the following expe- 
riments. Having long expoſed another thin glaſs bubble of quick- ſilver 
to a vehemently ſharp air, the cold had ſome ſmall effe& thereon, but 
wou'd not bring it to freeze; wherefore, I wiſh that the trial were 
made in Muſcovy, Greenland, Charles-Iſland, or the moſt frozen regions. 

6. Tis remarkable, that tho' ſolutions. of many groſs ſalts, and 
even the more ſaline and ſpirituous liquors, are, by ſnow and falt 
brought to congeal ; yet a very ſtrong brine of common ſalt never 
froze at all, tho expoſed with other ſaline ſolutions, that were turn'd' 
to ice, in an exceeding ſharp night. But expoſing a ſolution made of 
one part of ſea-falt, and twenty of water, in a ſingle vial, to the air of 
a very intolerable cold night, we on the next day found a great por- 
tion of the liquor frozen; the ice floating on the top in figures, re- 
ſembling thoſe of broom, and ſpreading downwards from the ſurface 
of the water. And, by the way, we permitted the ice of ſalt- water to 
thaw, in order to ſee whether it wou'd yield frefh z but it ſtill retain d. 
ſome brackiſhneſs ; which, whether or no it proceeded from the brine 
contiguous to the ice, I leave to be determined; being credibly in-- 
form'd, that the thaw'd ice of ſea-water is often uſed in Amſterdam 
for brewing. And Bartholine, in his book de Nivis uſu, confirms this 
relation, in the following words. © *Tis certain,” ſays he, © that if the 
« ice of ſea-water be thaw'd, it loſes its ſaltneſs.; as has been lately 
ce tried by a profeſſor in our univerſity. 

7. Spirit of ſal-armoniac with quick-lime, volatile oil of amber, a 
little oil of vitriol, a ſolution of ſilver in Aqua fortis, ſome diluted 
rain water, and a vial full of weak ſpirit of human blood, were expoſed: 
for two nights and a day, to the cold; whereby the three former 
were not at all frozen, but the ſolution of ſilver was congealed, and 
the ſpirit of human blood almeſt wholly converted into ice, which:raſe: 
ſo high, as to thruſt the cork out of the vial that contained it. 

8. Unrectified oil of turpentine, tho' expoſed all night in à ſingle vi- 
al, would not freeze; yet the ſame quantity, ſet in an earthen: veſſel, 
had its upper part tum'd to tolerably thick ice, figured. almoft like: 
that: of frozen urine. | | 
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9. A traveller inform'd me, that in a part of Scotland, there is a lake, 
from which ilſues a 1mall river, neither of whole waters are ever froze 
in the depth of winter, which is there exceſſive ſharp : he adds, that 
lumps ot ſnow and ice, caſt into the lake, do readily diſſolve therein; 
and that this water differs not, in taſte, trom the common. 

10. A commanding officer inſorm'd me, that his ſoldiers making 
ule of ſallet oil to the locks of their muskets, could not make them 
diſcharge; but being adviſed to apply hemp-oil, they froze not there- 
with: nor, as Iam told, will train-01l freeze. 


VII. 


1. Having already treated of thermometers, and the methods of ap- 
plying the nicer ſort, to eſtimate the different degrees of coldnels, 
both in ſolid and fluid bodies, we need only here farther add, that 
when they are uſed in conſiſtent ſubſtances, we alter the figure of 
the round bubble into a flat bottom, that the whole inſtrument may 
reſt thereon ; due care being always had to take it up by the flen- 
der end, for fear of rarifying the included air: and thus it may be 
transfer d, with a pendulous drop in the pipe, from one ſolid body 
to another, 

2. To make a tolerable eſtimate of the difference between ſuch high 
degrees of cold, as will all ſuffice to congeal water, 1s a difficult task ; 
for freezing having been commonly reputed the ultimate effect of cold, 
men have ſeldom look'd beyond it. The difference between different 
froſty ſeaſons are too manifeſt, and frequent, to be wholly aſcribed to 
the different tempers of our bodies; yet how to eſtimate that diffe- 
rence, is not ſo obvious. The common weather-glaſſes, we have for- 
merly ſeen, may eaſily deceive us herein. Some gueſs, indeed, might 
be made by the operations of cold upon liquors, yet ſome will freeze 
too ſuddenly, and others not at all in England. 

3. Upon theſe and the like conſiderations, we thought proper to 
employ an expedient, the nature and uſe whereof will appear from the 
following experiments. And tho' à miſchance prevented me from de- 


termining exactly, how much the ſpirit of wine in my thermometer 


was contracted, in proportion to its whole bulk, by the exceſs of cold, 
above what was neceſſary to freeze common water; yet ſomething of 
uſe to the preſent ſubject may be thence collected: and particularly, the 
chief thing will manifeſtly appear therefrom ; that is, the intenſeneſs 
of cold, produced by art, beyond what nature neceſſarily employs, to 
turn water 1nto 1ce. 
4. We took a ſmall ſealed thermometer, furni{h'd with ſpirit of wine, 
a ball about the bigneſs of a large nutmeg, and a very ſlender cylin- 
drical ſtem, ten inches long; and immerſing the ball and part of the 
ſtem in a veſſel of water, half buried in ſnow and ſalt, the water be- 
gan 
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gan to freeze at the top, bottom and fides, whereupon the tinged li- Pays1cs. 
quor ſubſided 5 3 diviſions, which were half inches; then being taken RJ 


out, and ice and ſalt immediately applied to the ball, the ſpirit fell 
11 diviſion: lower. And that the water, tho” in part congealed, re- 
main'd warm, in compariſon of the ſpirit of wine, which was fluid, tho? 
refrigerated by the ſnow and ſalt, appears from the following experi- 
ment. 

5. The glaſs continuing in the water till that began to freeze, de- 
ſcended to 5 1; when, being immediately removed into the ſame ino 
and falt, which reduced the water to that ſtate at firft, the ſpirit de- 
ſcended very ſwiftly, but afterwards more ſlowly, till it fell to the 
very bottom of the ſtem ; twas then removed into the ſame glaſs 
from whence we took it, wherein were many looſe pieces of ice; ne- 
vertheleſs it haſtily aſcended at the firft, and was, preſently alter, im- 
pell'd to the former height of 5 diviſions. 

6. The condenſation of liquors, by ſuch degrees of cold as are pro- 
curable among us, is nothing near ſo great as might be 1magin'd. On 
a cold day, but not froſty, having very carefully weiglöd a {mall round 
veſſel of clear glaſs, furniſh'd with a long ſtem, and found its balance 
to be one ounce, one dram, 56 grains, we filld its round part 
with well rectified oil of turpentine, till it aſcended a little way up 
the ſtem ; exactly marking its ſtation, with a diamond on the outſide 
of the glaſs: we then put them both into the ſcale, and found them to 
weigh two ounces, ſeven drams, 344 grains; when gradually pouring in 


2 dram of oil, mark'd how high it reach'd in the pipe, and ſo conti-- 


nued to add ſeveral parcels of the fame fluid, always carefully weigh- 
ing each quantity, and marking its height on the outſide of the glaſs, 
till the liquor and glaſs together weigh'd three ounces, one dram, 
41 grains. The little bolt-head was now placed with its ſpherical 
part in a wide-moutl'd glaſs of fair water; when, by laying ſnow and 
lalt around it, we made the water begin to freeze, till a little ice 
was produced thereon; then carefully marking the part of the ſtem: 


whereto the oil had deſcended, we transfer'd the bolt-head to a mix-- 


ture of ſnow and ſalt, where *rwas kept for an hour or two, till we 


perceiv'd it fall no lower; and marking this ſtation alſo, we after- 


wards removed the glaſs into a warmer air, till the oil had regain'd 


the hizheft mark from whence it began to ſink. We next gently pour-- 


ed out of the bolt-head, into a very ſmall glaſs nicely 'counterpois'd 
in very tender ſcales, ſo much of the oil till the remainder refted 
againſt that mark of the ſtem, whereto it fell when the water began 
to freeze, which amounted to 94 grains, tho' we might ſafely call 
them ten. After this, we poured more oil out into the fame little 


glats, till what was left in the pipe, ſtood even with that mark where-- 


to the ſnow and falr had funk it; which parcel of oil happen'd to be 
very nearly of the ſame weight with the former; fo that the artificial 
way. 
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 Paxsics. Way of freezing, employ'd in this experiment, made the oil ſubſide a; 
much, alter it had been refrigerated and condenſed by a degree of 
cColcd capable of congealing water, as that degree of cold had been 
able to condenſe it at firſt. And, laſtly, having deducted the weight 
of the glaſs from that of the whole oil and glaſs together, to gain 
the weight of the oil alone; and having divided the weight of the 
whole oil, firſt by that of the former parcel of ten grains, and then 
by the weight of the ſecond; we found that rettified oil of turpen- 
tine, of a moderate temper, expoſed to a degree of cold capable of 
freezing common water, did, by contraction, loſe a 94th part; and that 
being reduced to as great a coldneſs as ſnow and falt cou'd bring it, 
it even then loſt but about a 47th part of its bulk. 

7. Another attempt we made to meaſure the proportion, whereto 
water of a moderate coldneſs wou'd ſhrink by the force of ſnow and 
falt, before it began to expand by congelation: and by a trial pur- 

poſely made with common water in a round glaſs furniſh'd with a 
long ſtem, we found the water in that ſtem to ſubſide ſo very little 
as to be inconſiderable; but probably a larger quantity of water and 
a ſlenderer ſtem, wou'd have render'd the contraction of the liquor 
more remarkable. | | 

8. We alſo try'd to meaſure, by the different weight and denſity of 
the ſame portion of water, the change therein produced between the 
utmoſt heat of ſummer, the firſt degree of freezing cold, and the 
higheſt that art can create. And in order hereto we weigh'd, with 
a pair of exact ſcales, a glaſs bubble heavier than water, in that fluid, 
when it was of -a moderate coldneſs, and thereby readily gain'd its 
Proportion to an equal bulk of that water; then, by applying ſnow 
and falt, we made the water begin to freeze, and again weigh'd the 
bubble therein, to find what proportion an equal bulk of the cooled 
liquor wou'd bear to the glaſs; and by comparing theſe two propor- 
tions together, we made an eſtimate of the water's increaſed gravity 
and denſity by the action of a freezing degree of cold. In the follow- 

ing ſummer, we deſign'd to have weigh'd the bubble in the ſame par- 

cel of water, that, by the difference of its weight therein, when ren- 
derd lighter by the heat of the air, we might obtain the informa- 
tion we deſired. This experiment I, alſo, recommended to be made in 
Traly, during the ſummers heat; ſnow being there eaſily procurable at 
that time; but having hitherto receiv'd no advice of its being per- 
form'd, nor been able to perfect our own experiment, I content my- 
ſelf with ſhewing the ſteps we deſign'd to purſue therein. 

g. Whether the making of ſuch experiments as theſe, with the wa- 
ters of particular rivers or ſeas, may afford any uſeful inſtruction, as 
to the greater burthen a ſhip will carry thereon, in winter than in the 
ſummer, is an inquiry which I ſhall not here inſiſt on: we may, how- 

ever, obſerve, that the difference betwixt water cold in the extreme 
| degrec, 
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degree, and that of the uſual ſtandard, is not ſo great as ſome have Puxstcs. : 
;imagin'd z for having, on a day, wherein fell ſnow intermixed with rain 


weightd, in common water, a glaſs bubble, whole weight in air was 
150 grains; but in water only 285 grains, and then by ſnow and 
{alt made that water begin to freeze in an open glaſs, we found the 
bubble weigh'd therein not above ; grain leſs than betore; ſo that if 
we may judge of the condenſation of water by. the increaſe of its 


weight, this ſhrunk only about a two hundred and thirtieth part of 


its former bulk. 
VIII. 


We come now to conſider in what line of direction the refrigerat- Experiments 
ing power of cold bodies acts with the greateſt force, or to the great- Te #0 the 


eſt diſtance. That heat diffuſes itſelf principally upwards, is a known 
doctrine, and uſually holds true; whence it might be ſuſpected, that 
cold had its tendency chiefly downwards. With relation to this point, 
we made the two following experiments. | 

1. A very thin bubble, made flat at the bottom, that it might be 
the more expoſed to the cold, being filled with water, and ſuſpend- 
ed by a ftring, at the diſtance of an inch, above a mixture of bea- 
ten ice and falt, wherewith we had half filld a large wide-mouth'd 
glaſs, the water ſhew'd no ſigns of being froze. And to this experi- 
ment agrees an obſervation we made, that a mixture of ice and falt 
did not congeal the vapour of the air, at the diſtance of more than 
half a barley corn's breadth, above the height whereto the mixture 
reach'd in the glaſs. 

2. We put a mixture of ſnow and falt into a vial with a long neck, 
the round part, whereof was by a weight kept under water, from 
whence being ſoon taken, the outſide of the glaſs, below the ſurface 
of the water, was found caſed with ſolid ice, and particularly about 
the bottom of the vial, to a vaſt thickneſs and hardneſs. 

3. From hence, however, I will not poſitively conclude, that the ten- 
dency of cold produced by bodies able to freeze others, is greater 
downwards than upwards ; for I ſuſpect it requires more accurate ex- 
periments to determine that matter. How it happen'd I know not, 
that ice in the laſt experiment ſhou'd be much thicker there than 
elſewhere; for in other trials of the like kind, we generally obſerv'd 
the outſides of the glaſſes to be caſed with ice, or cover'd with hoar- 


froſt on that part directly oppoſite to the ſnow and ſalt, which mu- 


tually diſſolving each other in part, and falling in a fluid form to the 
bottom, the undiſſolved part of the ingredients wou'd float upon this 
liquor, oppoſite whereto the external ice generated thereby, appear d; 
ſo that as the mixture grew gradually thinner, the belt of ice on the 
outſide became narrower, till at length, when the ſnow was quite diſ- 
ſolved, the ice preſently vaniſh'd. And as in ſuch vials the ice ap- 
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pear'd not, as we ſaid, more than the breadth of half a barley corn 


above the mixture, ſo neither do I remember to have ſeen it much 


farther below it; from whence it may, with ſome probability, be ſup- 
poſed, that the coldeſt bodies diffuſe not their freezing power to any 
conſiderable diſtance, either upwards or downwards. 

4. But the preſent experiment having been made under water, and 
the others in the open air, I dare not, without farther trial, deter. 
mine how much this difference of the medium may alter the caſe in 
the diffuſion of cold; eſpecially ſince we ſhall preſently ſee, that fro. 
zen eggs, ſuſpended under water, were every where equally ſurrounded 
with a coat of ice. 

5. A principal o>Racie to the oye of the hiſtory of cold ſeems 
to have been, that the common method of freezing by ſnow and falt, 
is apt, like the ordinary froſt, to break the glaſs veſſels employ'd ; for 
in both caſes the fluid beginning to freeze at the top; and the pro- 
perty of glaciation being to diſtend the liquors it affects; when the 
upper cruſt of ice is grown thick, and bears hard with its edges 3. 
gainſt the ſides of the veſſel, it makes a greater reſiſtance to the far. 


ther expanſion of the fluid, as that is ſucceſſively frozen; whence the 


containing glaſs is eaſily burſt. | 

6. For this reaſon, I contrived to freeze the water from the bottom 
upwards, by mixing the ſalt with that part only, of the ſnow which 
was to lie under, and about the lower part of the glaſs placed 
in it. By this means the ſnow, contiguous to the ſides, did no 
more than cool the water and diſpoſe it to freeze, whilſt that where- 
on the glaſs refted, being mix'd with ſalt, converted the adjacent |: 
quor into ice, and ſo raiſed the incumbent fluid; which I cou'd alſo 
freeze without danger of breaking the glaſs, by barely applying the 
mixture to its fides, ſo as not to let it reach too near the ſurface of 
the liquor, whoſe upper parts were thus kept fluid to the laſt, and, 
therefore, capable of being impell'd, gradually upwards, by the expan- 
five force of the lower. 

7. No nicety of proportion need be obſerved in the quantities of 

” made uſe of; neither is it requiſite they ſhou'd be 

intimately mixed : a third or fourth part of the former, to one of the 
latter, ſucceeds well. I ſeldom add ſalt to all the ſnow, at once, un- 
leſs I defire an immediate congelation; and by the method above- 
mention'd, I procure ice on what external part of the glaſs I pleaſe. 
And let it be obſerv'd, that beaten ice will freeze in this caſe as well, 
if not better than ſnow ; for which reaſon, I promiſcuouſly ule either 
of them with. falt, for the ingredients of our freezing mixture.. 


* 
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Tis a tradition, that frozen eggs or apples are ſpoiled by being Experiments 


thaw'd near the fire, but if immerſed in cold water recover their na- and obſerva- 
tions, with re- 


tural ſtate. Upon more reaſons than one, we thought fit to try the 
experiment; but the event did not anſwer our expectation : however, 
after ſeveral attempts, we at length brought it to ſucceed. 


then put into a diſh of fair water, where it gain'd ſuch a coat of 
ice, as cauſed the whole to weigh fiftcen drams, nine grains; then 
the ice being taken off, and the ſhell very well dried, the egg weigh'd 
twelve drams, twelve grains. At length we broke it, and found it al- 
_ Ae thaw'd. When froze, it floated in water, but ſunk when 
thaw 

2, We placed two eggs, ſtrongly frozen, in a room where there 
was a large fire, one of them plunged in a deep wooden diſh full of 
very cold water, and the other upon a table near it, about two yards 
from the fire; when, perceiving that in the water to be cruſted over 
with ice, we took it out, freed it therefrom, broke it, and found ma- 
” little parcels of ice remaining upon ſome part of the white; while 

e other part of the ſame, and the whole yolk, appear'd nearly of 
the ſame conſiſtence, as if they had never been frozen; but the egg 
that lay dry, had both its white and yolk entirely frozen; the latter 
— being as hard as if it had been over-boil'd, ſhew'd us, when 
cut thro? the middle, ſeveral concentrical circles of different colours, 
with a ſpeck much whiter than any of them, in its center; which laſt 
circumſtance was perhaps accidental. By the way, we only once ob- 
ſerved frozen eggs to ſwim; and that when ſuch eggs were broken, 
the white floated, and the yolk ſunk. 

3. Upon repeating the ſame experiment, we were convinced, that 
frozen eggs will thaw much ſooner, ceteris paribus, when immerſed in 
water, than when ſurrounded only with air. | 

4. Suſpending a frozen egy under water, at a diſtance from the 
ſides of the containing veſſel, its icy coat over- ſpread the thread where- 
by 'twas hung; and we found that coat of an uniform thickneſs, tho 
a conſiderable quantity of ice was generated at a ſmall diſtance here- 
from; which ſeem'd to owe its origin to the ſame cauſe; yet we cou'd 
not find that it any where adher'd to that which immediately cover'd 
the egg: *tis poſſible, however, its rudiments were parted from the 
egg, by ſome motion communicated to the table whereon the experi- 
ment was made. 

5. Having expoſed ſome pippins, all night, to freeze, and put them 
on the following morning, into = _ . very cold water, that ſtood 

2 in 


9 


and deſtruct ion 
1. An egg that weigh'd twelve drams and one grain, being wrapt up bodies by 
in wax'd paper, and frozen with ſnow and ſalt, loſt four grains; twas cold, 
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Pays1cs. in a warm room, they were ſoon ſurrounded with caſes of ice to x 
A conſiderable thickneſs ; and here we obſerved, that the immerſed part of 
a a floating apple was thicker coated with ice than what remain'd above; 
that the extant part ſeem'd alſo harder than the other; that one be- 
ing purpoſely laid on the outſide of the baſon, appear'd in cutting 
to be harder and more frozen than thoſe which had been plunged un- 
der water; the latter proving almoſt as ſoft as pippins that had ne. 
ver been froze, but particularly in their external parts; laſtly, that 
neither theſe, nor frozen eggs, notwithſtanding their great congealing 
force, upon the contiguous water, appear'd to detain or freeze the 
vapour of the air, as ice and ſnow mix'd with ſalt, and included in 
glaſſes, very remarkably do. 

6. After freezing ſome. eggs in ice and ſalt, till their ſhells crack d, 
we plunged one into milk, two into a glaſs of beer, and two more 
into a glaſs of ſack; but none of them produced a grain of ice. Some 
others being immerſed in vinegar, the ſaline part of the liquor be- 
gan to diſſolve their ſhells, whilft the cold of the ice therein was un- 
able to freeze any part of the fluid. 

7. J alſo deſign'd to try whether pieces of iron of different ſhapes and 
magnitudes, expoſed for ſeveral nights to the freezing air, and afterwards 
immers'd in water, wou'd produce any ice; for the froſt ſeems to 
affect ſuch bodies. And I have been aſſured, that a large cheeſe being 
buried in water, in a cold country, was immediately cover'd over with 
ice. But for want of a froſt ſufficiently durable, I cou'd not obtain 
my defire. However, I kept large lumps of iron and other metals, 

| Pieces of glaſs, and ſome ſtones of a proper ſize, for a conſiderable time, 
onger in ſnow and falt, than wou'd have ſuffic'd to cauſe eggs, ap- 
ples, &c. to produce plenty of ice upon being thaw'd in water; yet 
we found nothing of this kind upon any of the ſeveral mineral bo- 
dies mention'd, tho' kept long cover'd in cold water. 
8. Ice and the juice of pippins well ſhook together in a ſingle vial, 
produced abundance of dew, but no ice. | 
9. Ice and the white of an egg gently beat into a liquor, did the 
tike ; but theſe trials ought to be repeated. 
10. That frozen apples are better preſerved: by being thaw'd in wa- 
ter, than before the fire, we are convinced by ſeveral trials; and cou'd 
not but wonder to ſee how great a putrefaction was cauſed in theſe 
bodies by thawing them ſuddenly; bnt in eggs the experiment is not 
ſo eaſily or expeditioufly made. | | 
11. This obſervation ſeems to hold equally in the bodies of men, 
when froze. *Tis commonly found in the cold northern climates, that 
if any perſons, whoſe: limbs are froze, approach the fire too haſtily, 
they thereby endanger the loſs of them. Upon many of us, © ſays 
4 Capt. James, the cold had raiſed hliſters as big as wallnuts; which 
© we attributed to our coming too haſtily to the fire.” And, ery 
| ore, 
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fore, the proper method is, to waſh the frozen part in very cold wa- Pursics. 
ter, or rub it well with ſnow, before the perſons thus affected en- CC%RY 


ter a hot room. I wou'd willingly have tried the effects of different 
kinds of thawing upon frozen beef ; but failed of an opportunity, An 
intelligent perſon who. had lived in Muſcovy told me, that having two 
very large cheeſes frozen in that country, he thaw'd one of them in 
water, and the other in a ſtove; whereby the former became much 
the better of the two: he added, that the cheeſe thaw'd in water, 
preſently acquired a cruſt of ice therein. 

12. Hildanus, in his treatiſe of gangrenes, tells us, “that a noble- 
ce man, who had travelld in the more northern regions, aſſured him, 
& he there once found a man upon the road ſtitf, and almoſt froze to 
« death; whom, having carried him to an inn, the maſter thereof preſent- 
ce ly plunged him into cold water, whereby his whole body was co- 
ce vered over with ice; then having drank a glaſs of ſpiced hydromel, 
ce he was put to bed, where he ſweat and recovered ; but loſt the firſt 
ce joints of his fingers and toes. 

13. The experiments lately delivered, wherein ice was ſpeedily pro- 
duced on the outſide of frozen eggs and apples, by immerſing them 
in cold water, ſeem very well fitted to diſcover the cauſes of congela- 
tion; but J ſhall not here build any hypotheſis upon them. 

14. Whether bodies be froze by the admiſſion of frigorific atoms, 
that diſorder the texture of the frozen body, or the abſence of ſome mat- 
ter that, before congelation, more ſtrongly agitated their parts, or in what 
other manner ſoever; *tis manifeſt that the nature or the congealed 
ſubſtance is greatly alter'd from what it was before. Tis, therefore, pro- 

to enquire how cold affects bodies, with regard to their preſerva- 
tion and the deſtruction of their textures. But the nature of particular 
bodies, the different degrees of cold whereto they are expoſed, and 
the different times wherein the condition of each 1s examined, muſt 


here be carefully regarded: for we find that a moderate degree of 


this quality, preſerves many ſubſtances ; and that glaciation deſtroys or 
prejudices ſeveral others: tho' while the froſt continues in them, it, 


almoſt univerſally, prevents putrefaction. 
15. That a moderate degree of cold, conduces to preſerve the greateſt 


part of inanimate bodies, is generally acknowledged; nor, perhaps, 


does any degree of this quality below freezing, ſpoil what is expoſed 
thereto. © At Modena,” lays Bartholin, © they lay up ſnow in their re- 
c ſervatories, where I have ſeen them, during the heat of ſummer, long 
ce preſerve the fleſh of animals from corruption.” And Captain James 
relates, that © on the grbþ of May, he drew up from under water, five 
ec harrels of beef and pork, four buts of beer, and one of cyder, Where, 
ce tho? they had lain all the winter, he found them never the worle- 


« for it.” He mcnticns it alſo, as a remarkable thing, © that a cable, , 
| x c 
which: 
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& which had lain buried in ice, during the whole winter, was ſound 


16. Bartholine, allo, relates from Sminlerus, that © a large quantity of ſnow, 
“e falling from a part of the Alps, buried above ſixty Switæ ſoldiers of 
ce the company that happened to be there, marching over them. In 
cc which caſes, the bodies lie till the beginning of the ſummer, 
cc when the ſhow, being ſomewhat diſſolved, they are found freſh and 
cc uncorrupted. And of this,” adds he, © I my felf am an eye witneſs.” 

17. Many inſtances might be produced to ſhew that moſt inanimate 
bodies, while actually froze, will diſcover no putrefaction; and the thing 
it ſelf ſeems reaſonable: becauſe, whether the fluid parts are here 
wedged in by the intruding ſwarms of frigorific atoms, or whether 
thoſe reſtleſs particles that keep a body ſoft or fluid, are called forth 


by the cauſes of glaciation ; there muſt be an unuſual reſt in the 


moveable parts of ſuch ſubſtances, as are either the cauſe or necel- 
ſary attendants of corruption. | 

18. An ingenious man, who had made ſome ſtay upon the coaſts 
of Sweden and Denmark, told me, that dead bodies would, there, of 
themſelves, keep untainted during the froſty ſeaſon ; that is, for three 
or four months together. Bartholine informs us, that the bodies of men, 
kilPd during the hard weather, remain Riff in the poſture wherein 
they expired. After a great ſlaughter of the enemy, ſays he, © in the 


< battle fought near our city, Feb. 11. 1659. the field was found ſtrew'd 


ce with {tiff carcaſſes, ſome whereof ſhew'd anger in their faces, ſome 
© had their eyes lifted upwards, and others ſeemed threatning a blow 
c with their ſword; and all lay in different poſtures. And when, in 


< the following ſpring, it began to thaw, an entire man roſe up from 


ce the bottom of the ſea, (that had been frozen) ſitting on his horſe, 
& and holding ſomething in his hand.” “Near ſix months,” ſays Cap- 
tain James, © after our gunner was dead, and committed to the deep, 
© at a conſiderable diſtance from the place we were now in, May 18. 
c our maſter eſpied his corps in the ice under the gun-room ports; 
cc whence having dug him, we found his ſcent no more diſagreeable, 
© than when firſt thrown over board; but his fleſh would ſlip up and 
4 down his bones, like a glove on a man's hand.” 

19. Some Engliſh relate, as we find in Purchas, of the Samejeds, 
© that they buried their dead on the ſides of the hills, and raiſed a 


e pile of ſtones, ſo looſely over them, that the bodies appear thro; 


© but the air is ſo piercing, that it keeps them from putrefaction.“ 
The Tame author ſays, in the deſcription of Iſland, © that the method 
4 of managing fiſh there, is, having firſt taken out their bones and 
cc bowels, to throw them on heaps in the open air; the purity 
ce whereof is ſuch, that they are thus hardned and preſerved 
© better than by ſalt.” The phyſician to the emperor of Ruſſia, told 


me, that dead bodies, if thoroughly frozen, wou'd with them continue 
- uncorrup:ed 
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uncorrupted till the thaw; tho' it happened not for four or five Pursics. 
months after the death of the perſon: he added, that he had re- = 


ceived the veniſon of elks, at Moſcow, untainted, tho' it came without 
ſalt, ſome hundred of leagues ; and that all fleſh, when well frozen, 
would remain ſweet for a very long time; that, when kept congealed 
too long, it grew dry and inſipid, and would not afford fo good 
broth as meat that had never been frozen; and that if leiſurely 
thaw'd, it receives far leſs damage, and will roaſt well; but if laid 
to the fire before twas uncongealed, it wou'd neither roaſt nor eat 
tolerably, but continue raw in the middle, tho' kept there turning ever 
ſo long upon the ſpit. 

'Tis farther remarkable, what the merchants of Copenhagen, who trade 
to Sitz berg, in Greenland, relate, © that the extreme cold of thoſe 
« parts, will ſuffer nothing to putrefy or corrupt; ſo that corps 
« there, continue ſound and entire for thirty years after burial.” 

20. Whilſt bodies remain frozen, the cold, probably, by preventing 
that irregular motion and avolation of their particles, whence corrup- 
tion proceeds, may keep its pernicious effects from appearing ; but 
when once that impediment is removed, many ſubſtances immediately: 
diſcover a diſcompoſure of their texture thereby occaſion'd. This, in 
ſome caſes, will be manifeſt to the ſight : thus by freezing an ox s 
eye, the cryſtalline humour loſes all its tranſparency, and appears per- 
fectly white throughout. The perſon, alſo, who made the experiment 
with the two frozen cheeſes, obſerved both of them to be manifeſtly- 
impaired by the cold; tho' one much leſs than the other. 

21. © The Dutch ſailors likewiſe,” ſays Gerat de Veer, © when they winter'd 
« in Nova Zembla, had their ſtrong beer ſo frozen, that they were obliged 
« to melt it for uſe; the ſpirituous part whereof being fluid, like yeaſt, 
© and too fiery to be drank alone, they mixed it with the diſſolved 
ce ice, Which neither then, nor before, had any ſtrength or taſte.” 
And Captain James relates, that © having in his cold ſtation, reſerv'd 
« ſome Alicant wine, till the ſpring; when, mixing it with water, it 
« made but a very weak liquor; having loſt its virtue, by being 
© frozen.” 

The Ruſſian emperor's phyſician inform'd me, that when ſome very 
ſtrong French claret, that was frozen, came to be thaw'd, he found its: 
colour tolerable, and the liquor very little impaired; that a weaker ſort,, 
by this means, loſt its colour, and became much worſe ; but that the 
third part of them remained uncongealed: whence the cold, whereto- 
they were expoſed, appears to have been nothing near ſo violent as 
that experienced by the Hollanders and Captain James. The ſame- 
phyſician, likewiſe, told me, that having a quantity of ſtrong 
beer, in great part frozen, he found the ice to retain ſome taſte: of the 
Leps, tho' it ſeemed diſpirited, like phlegm. | 
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22. A man of learning, told me, that in a Northern country, 


less cold than Auſcovy, he obſerved ſome beef, which, having been 


very long frozen, was almoſt inſipid when it afterwards came to 
be eaten; and that the broth it afforded was little better than common 
water. 

23. I deſigned, but wanted opportunity, to try whether ſome par- 
ticular plants and parts of the Materia Medica, with whoſe ſpecific 
virtues I was acquainted, would loſe their reſpective qualities ” a 
thorough congelation, and different methods of thawing ; as whether 
for inſtance, thaw'd harts-horn, the quantity and ſtrength of whoſe 
falt and ſaline ſpirit ſhould, before its freezing, be tried by diſtillation, 
wou'd, after having been long congealed, yield, by the ſame treat- 
ment, a like proportion of thoſe ſubſtances. We had, alſo, thoughts of 
making experiments with amber and load-ſtones, to ſee whether the 
moſt intenſe degree of cold, long continued, would affect the attractive 
faculty of the former, and the attractive and directive virtue of the latter. 

24. Credible teſtimonies are not wanting to ſhew, that intenſe cold 
may have very conſiderable effects upon the texture, even of ſolid and 
durable bodies. Tis commonly allowed, that mens bones are more 
apt to break, by falls, in froſty weather, than at other times; and *tis 
uſually found that the ſteel laths of croſs-bows, are render'd ſo brittle 
by cold, that more than ordinary care 1s required to prevent their 
ſnapping in the winter: and I am, alſo, inform'd, by an ingenious over- 
ſeer of buildings, that thoſe who deal in timber, find it cl-aves more 
eaſily in hard, than in open weather. But theſe effects of cold, are 
trifling to what may be met with in more mtemperate regions. 

25. Captain James ſays of the timber he uſed in Charlton-Hland, 
3 that every piece was thaw'd in the fire, before the carpenter cou'd 
ce work it; and that they were obliged to thaw the ſtanding trees, in the 
cc ſame manner, before they could fell them.” 

26. Two different perſons alſo aſſured me, that in extreme froſty 
weather, they had obſerved the timber of the wooden houſes in Muſ- 
on 4 crack with a loud and ſurprizing noiſe, but eſpecially in 
the night. x 

The above-mentioned phyſician told me, that the ſtones uſed for 
building in Ruſſia, were . reduced to duſt by the cold; and 
that he had often, in ſharp froſts, eſpecially if unattended with ſnow, 
heard, during the night, the trees cleave and crack with a fright- 
ful noiſe; that the out- ſide of the fir- trees, uſed in their buildings, 
ſometimes did the like; and that both of them would thence receive 
large gaping clefts, which continued till the thaw ; when they would 
cloſe up again of themſelves. 

27. And a phyſician, who lived for ſome years in one of the coldeſt 
plantations of the Weſt-Indies, aſſured me, he had found the bricks he 
employ'd in building, very apt to ſpoil by the long and * 
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froſts of the winter there; and 'twas uſual, he ſaid, for the brick- Pursics. 
houſes of theſe parts to decay much ſooner than ours; which he CRY 


attributed to the exceſſive cold of the climate, that crumbles the 
bricks, and moulders them away. This may ſeem the more credible, ſup- 
poſing no defect in the bricks, if what a learned and credible author re- 
lates be true, as to the power which freezing cold had to break 
even ſolid marble. Nay, Olaus Wormius declares, that even braſs in- 
ſtruments have been broken by the cold. And to this we may add, 
that the Dutch, in their ſtay at Nova Zembla, found ſome ot their 
beer-barrels, with the iron hoops of others, frozen to pieces: tho' this 
effeft was not, perhaps, immediately owing to the froſt, but the ex- 
nſion of the liquor in the veſſels. 

28. General Drummond aſſures me, he has ſeen ponds frozen ſtrong 
enough to allow cannon to paſs over the ice thereof, while they yet 
contain'd plenty of live fiſh, which, if caught and packed up immedi- 
ately, wou'd, of themſelves, continue ſweet for about a month, IWas 
remarkable here, that the ${h, being drawn out of the water, and ex- 
poſed to the cold air, were immediately frozen as ſtiff as a board; 
when, ſaid he, if they had been thaw'd by a fire, that would have quite 
ſpoiled them : and fleſh, by the like treatment, becomes incredibly hard 
and tough; but both being kept in cold water, they will there thaw, 
become tender, and fit for drefling; tho' in thawing them, the General 
had not obſerved them to acquire a coat of ice. The ſame perſon 
farther told me, he had frequently ſeen men with their noſes and up- 
per part of their cheeks frozen, while they themſelves were not aware 
of it : the remedy for this, he ſaid, was to rub the frozen parts 
with ſhow; a warm room, being carefully avoided before its applica- 
tion. In Lapland, it ſeems, they have another prelent remedy to reſtore 
frozen limbs, by anointing them with the fat of toaſted cheeſe made of 
deers milk. But the other is the general practice in Ruſſia, as I am 
inform'd by the phyſician to the Emperor of that country ; and the 
Doctor told me he had diſcourſed with a man, who in his youth was 
frozen all over, by quitting his fled, and uſing exercile till he almoſt 
ſweat; and then returning to the fled again: and thus he might eaſily 
have died, had not the company accidentally obſerved his condition (for the 
perſon who is froze, ſeldom finds it himſelf) and rubbed him over with 
now. He told the Doctor, that during the whole time of his being 
thus affected, he felt no pain; but as he recovered, perceived ſuch a 
kind of pricking as happens in a part benummed by leaning upon it. 

29. *Tis the cuſtom in Raſſia, to thaw their frozen fiſh before they 
dreſs it, by letting it lie in cold water, till cover'd with ice, which 
having taken off, they lay itin other water, and again take off the ice ; 
and this they repeat, till no more ice appears. 

30. A phyſician of my acquaintance, having purchaſed ſome Malaga 
ſack at Moſcow, which was drawn from a frozen hogſhead of the ſame 
liquor, it proved much better and ftronger than was expected; but the 
remaining\ſpart of the ice __ thaw'd, was little more than PRES 
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liquors: he did not, however, find that the ſpirituous part always 
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The Doctor, alſo, obſerved, the like to happen in ſome other 


retired to the center of the veſſel, but that it lay ſometimes interſperſed 
among the ice. 

31. Some ſailors having left a barrel of ſtrong beer on ſhore in 
Greenland, found it at their return thither, the year following, ver 
hard frozen; but running a heated ſpit into the middle of the ice, 
there iſſued out a turbid liquor, that was exceeding ſtrong and ſpiri- 
tuous, whilſt the frozen part was almoſt inſipid. 

32. General Drummod acquaints me, that the French, and ſometimes 
alſo the Spaniſh wines, yearly brought from Archangel to Moſcow, are 
ſo frozen at their arrival thither, that the owners are obliged to ſtave 
the casks, cleave the ice with hatchets, and ſend it away in jars ; 
and when this is deſign'd to be reduced to liquor again, they 
place it in another cask, and bury it deep in ice or ſnow, where 


— thaws, without receiving much dams . 


X. 


1. That water and other fluids are condenſed by cold, in proportion 
to the degree wherein that quality affects them, has been generally 
allow'd ; till ſome ſpeculative men of late, queſtion'd the truth hereof, 
upon account of the levity of ice, and maintained that body to 
be not condenſed, but rarified water. 

2. And, indeed, if in our method of freezing water, from the bottom 
upwards, a bolt-head, filld till the fluid reaches into its ſtem, be em- 
ploy'd, the ice will aſcend much higher than the water did before 
it was froze; and upon the gentle thaw of that ice, the fluid it turns 
to, will deſcend to the height it ſtood at, before its congelation began. 

3. There are other ways to manifeſt the expanſion of water by 
freezing: Having poured a proper quantity of water into a ftrong 
cylindrical earthen veſſel, we expoſed it, uncovered, both to the open 
air in froſty nights, and the operation of ſnow and ſalt; and obſerved 
that the ice produced in both caſes reached higher than the water before 
*twas froze. And if a concave cylinder, made of — compact mat- 
ter, be flightly ftop'd at one end with wax, and filled with water at 
the other, and then that, alſo, be cloſed in the ſame manner ; if, I 
fay, this pipe be ſuſpended in air ſufficiently cold, the contain'd 
water will be froze, and the ſtopples at both ends, or at leaſt at one, 
will be thruſt out ; and a rod of ice appear thereat, in continuation 
with the tube. 

4. Having cauſed ſome large ſtrong bottles to be filld with a congealable 
tquor, (excepting their necks which contain'd ſallet oil,) I obſerved 
that, during a very long and ſharp froft, the contain'd water was ſo 
far expanded by congelation, that it not only thruſt the corks, 
but the congealed oil, together with the frozen water, out of the _ 
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while there appeared, above the upper part of the bottles, cylinders, Pursics. 
ſeveral inches in height, conſiſting partly of concreted oil, and part. LS"%/RJ 


ly of congealed water, with the corks on their tops. 

5. But tis ſaid, in defence of the vulgar dottrine, that the cold of 
the external air, contracts what is contain'd in the glaſſes, when the 
break in froſty weather, and burſts the ſides thereof, to fill the 
ſpace deſerted by the ſhrinking of the internal fluid ; for fear a 
vacuum ſhould be left in the glaſs. The 1 experiments, 
however, may ſerve to ſhew the contrary: and tho' veſſels only half 
filled with water, are often burſt by this means; we have ſuf- 
ficiently accounted for that phenomenon, without the help of a Fuga 
vacui, or the weight of the external air, by the bare expanſion of 
the contain'd liquor; the glaciation whereof begins, as we have former- 
ly faid, at the top; where the ice firſt ſtrongly prefſes againſt 
the ſides of the glaſs: whence the water is prefſed between that 


and the bottom; and conſequently by its expanſive force in freez- 


ing, burſts the including veſſel, if it make not a proportionable reſiſtance, 
But farther, if water be frozen in a broad veſſel, that is too ſtrong to 
yield to the force of the froſt, the ſurface of the ice contiguous to the 
air, will riſe convex ; the expanſive power of the fluid prevailing there 
more than againſt the ſides or bottom of the veſſel. And, laſtly, 
having carefully ſealed three very light and thin glaſs bubbles, of 
different ſhapes and ſizes, whilſt the air, within them, was of a 
convenient temper, we expoſed them ſometimes to very froſty wea- 
ther, and at others, to a mixture of ſnow and ice, but could not 
perceive, that any of them were ſo much as crack'd thereby; fo that if 
the included air was here, according to the popular notion condenſed, 
the ſpace it deſerted was a vacuum; whence conſequently the bubbles 
would have been broke. 

6. Having filled ſeveral long vials to the lower part of their necks 
with common water, and left them all unſtopp'd ; not only one of 
them that I ſtir'd up and down in a mixture of ice, ſalt, and water, 
was ſuddenly broken upon the congelation of the contained water; 
but many others that were expoſed to freeze more leiſurely in the air, 
were likewiſe broken to pieces by the expanſion of the freezing water 
as appeared both by the gaping cracks, and becauſe the ice was conſi- 
derably riſen in the necks, above the former ſtations of the water: 
and if it had been more ealy for the included water to gain room, 
either by ſtretching the glaſs, or leaving the ſuperficial ice congealed, 
at firſt, in the neck, or by both theſe means together, than to break 
the vial, it would, probably, have remain'd entire. 

7. Not only water, but other moiſt bodies expand by cold. When 
upon expoſing eggs to a ſufficient degree of this quality, the con- 
tained moiſture was turned to ice, it burſt the ſhells afunder, and 
occaſioned many gaping cracks therein. . 

8. Milk, urine, and Rheniſh wine, being ſeverally expoſed in glaſs- 
eggs, to freeze, they were not N to ſubſide before they __ : : 
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Paysrcs, the urine began to ſwell much later than the other two, tho', at 
length, it aſcended much higher than they; the wine roſe an inch 
above its mark, milk two, and the urine ſix or ſeven. 

9. We poured a ſtrong ſolution of Dantzick vitriol, into a cylindri- 
cal tube, ſcaled at one end, till it roſe to the height of ſix or. eight 
inches therein; then freezing it with ſnow and falt, the liquor became 
very opake, and appeared as if it had been wholly turned into vitriol, 
except a little that remained at the bottom, tranſparent and fluid ; 
while the ice here roſe conſiderably higher than the ſolution did be- 
fore congelation. Twere worth trying, whether even firm, ſolid bo- 
dies, would not dilate with a ſomewhat exceſſive cold. The inviſible 
moiſture in the air, before rainy weather happens, apparently alters 
the dimenſions of doors, window-ſhuts ; and ſuch wooden work as has 
not been well ſeaſoned. Much more water is uſed to make bread 
than what exhales in the oven, yet the remaining water is inviſible, 
and thus, hart's-horn, ſpunge, and many other dry bodies, afford, by 
diſtillation, plenty of phlegm, which cannot be wholly attributed to 
the operation of the fire upon them. Such conſiderations make it 
probable, that the moiſture actually exiſting in ſolid bodies, may diſ- 
pole them to ſwell in freezing. This experiment, carefully made, might 
give light to the ſtrange phenomenon, obſerved by the Dutch in No- 
va Zembla, where their clock, ſays Gerat de Veer, was ſo frozen by the cold, 
that an additional weight would not make it go. And the ſame 
thing is related by Captain James, to have happened both to his clock 
and watch; tho? they were conſtantly wrapped up, in a cheſt that ſtood 
by the fire ſide. This effect, indeed, might poſſibly proceed from 
other cauſes; but if, as we formerly obſerved, the froſt can get into 
metals, it may alſo diſtend them; from whence, in this caſe, 
that correſpondence between the parts of the clock, that is neceſſary 
to its motion, may be deſtroy' d: thus I have ſeen the exact parts of 
an iron inſtrument, would by no means fall in with each other, when 
expanded by heat. | 

10. Having almoſt filled a bolt-head, whoſe ſtem was purpoſely drawn 
very ſlender, with water, and placed it in a mixture of ſalt and ice, 
the water immediately appeared to be a very little depreſs'd ; tho? it 
afterwards fell no lower, nor exhibited any other phenomena of 
freezing water, except that when the fluid began to congeal at the 
bottom, it had a manifeſtly quick aſcent. We, therefore, cauſed the 
bolt-head to be made with its ſpherical cavity 3 4 inches in diameter, and 
ſtem no thicker than a raven's quill ; aud filling this to a proper height 

with water, we obſerved, upon immerſing the glaſs in the ſame 
kind of mixture, that the water inſtantly aſcended the length of a 
barely-corn in the ſtem, with the utmoſt velocity; after which, the 
water ſlowly ſubſided again to its former ſtation : which agrees 2 
well with the ſuppoſition of the Florentine virtuoſi, who imagine ſo 
ſudden a change muſt proceed from the contraction of the W 3 
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glaſs. But, upon repeating this experiment ſeveral times, we could Pursics. 
not find, what they obſerved at Florence, that the water was confi LG 


derably depreſs'd ſoon after its firſt ſubſiding, before it began to riſe ; 
tho? I have formerly found water to ſuffer ſome degree of condenſa- 
tion by the action of a frigorific mixture, before it began to yield any 
ice. We, farther obſerved in this experiment, that after the ſinking, 
or immediately upon the firſt riſe of the water, the ſurface 


reſted a while in the ſame place, till the upper part of the water 


began to aſcend by reaſon of the glaciation of the lower; but this pauſe 
was very uncertain in its duration, according to the different ſtrength of the 
action of the mixture on the adjacent water. The fluid beginning to freeze 
here, roſe with a ſurprizing velocity up the {tem ; ſo that in the ſpace of 
a minute, it would often ſhoot to the height of ſeveral inches ; and would, 
probably, have riſen much higher, if the ſtem had been of a ſuf- 
ficient length. In all the repetitions of this experiment, I never ſaw 
any conſiderable incumeſcence of the water immediately precede glacia- 
tion ; but the aſcent of the fluid was always attended with, if not pre- 
ceded by the actual freezing of ſome parts of the water that lay neareſt 
the mixture: which I take to be the cauſe of this phenomenon. But 
ſo ſmall a degree of glaciation is required to make the fluid ſenſibly 
riſe, that it requires attentive eyes to diſcover it. Laſtly, we remarked 
with pleaſure, that if the glaſs in this experiment, were immediately 
taken out of the mixture, after the water began to aſcend ; the very 
thin film of ice would be ſuddenly thaw'd hereby, and the liquor begin 
again to ſubſide in leſs than half a minute; but upon replacing it 
in the ice and falt, immediately after the diſſolution of the films of 
ice, the liquor began again to freeze in an inſtant : ſo that ice has ſhot 
up into the ſtem, in the ſpace of half a minute from its return; and 
within a minute and a half more the cavity of the ſpherical part has. 
appear'd filled therewith. | 
XI. 


1. It muſt not be univerſally concluded from the preceding experi- Experiments 
relating to the- 


contraction of 
liquors by cold. 


ments, that all liquors will expand by any degree of cold whatever; for in 
our trials with ſpirit of wine, Aqua fortis, oil of turpentine, and other 
liquors, that we could not bring to freeze, the contrary appear'd z as 
allo in oil congealed by cold: 10 that a great difference ought to be 
allowed between water and aqueous liquors on one fide, and oil, and 
ſeveral other oleaginous, highly ſpirituous, or corroſive fluids on the 
other, as to the change of their dimenſions by cold. We have not, 
however, made a ſufficient number of experiments to reduce this 
matter to a certainty 3 but this, in the general, may be ſaid, we 
remember no ſenſible expanſion produced in any liquor, by cold, t 

rather a maniſeſt condenſation, unleſs ic were actually froze, 
2. Upon ſurrounding ipirit of wine, contained in a ſraal! g'a's cg, 
furniſhed with a very ſlender ſtem, with a mixture of ice any ft, — 
| ievera 
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Paysics. ſeveral hours; it froze not at all, but gradually fubſided, the length of 
d inch in the ſtem ; and tho? it afterwards feemed to riſe a little, yet 
it never, during that time, aſcended to its firſt ſtation. 

3. Pouring mercury into a bolt-head, till it reached pretty far into the 
neck, which was purpoſely made more ſlender than ordinary, purging 
it of the air it contained, and placing it in a mixture of ice and falt ; 
the cold affected it ſo much, that we diſcerned it to move downwards 
the length of two inches in the neck: which great deſcent cannot 
poſſibly be attributed to the contraction of any remaining air; tho 
it had thereby. been reduced to a point. We found, alſo, that the 
mercury, tho? not frozen by this means, retained part of its acquired 
cold, for many hours after; for it continued below its original ſtandard, 
tho kept all night in a warm room. 

4. We poured common oil into a ſmall glaſs-egg, with a flender ſtem, 
till it roſe conſiderably above the oval part of the glaſs ; then placing 
a mark at the ſtation of the fluid, we ſet the veſſel in ſnow and falt; 
whereby it ſubſided, till it became quite congealed; when it appeared 
mrunk above an inch below the mark, whereto, upon being thaw'd, 
it re-aſcended. 

5. This experiment was repeated with nearly the ſame ſucceſs ; but 
we now found, that if the glaſs were removed from the mixture to 
any place near the fire, the oil not only thaw'd, but aſcended above 
the mark. For a third experiment, we ſealed up the oil in the 
ſame glaſs, which gave us ſtill the ſame phenomenon. That the 
congealed oil was here really condenſed, appzared from its ſinking in the 
ſame kind of oil cold and unfrozen ; notwithſtanding the ſeveral bub- 
bles of air that uſually adhered to each lump, wherewith we made the 
experiment. This was not only tried with oil, congealed by ſnow and 
falt, but with ſome leſs frozen by the bare cold of the open air ; but the 
latter appeared to ſink more ſlowly than the former; and lumps 
of it would not continue under ſack, or claret, but if thruſt down 
herein, preſently emerged. 

6. Whether chymical oils, tho' they alſo ſhrink with a moderate 
degree of cold, will contract or expand by freezing, we cannot deter- 
mine; the higheſt degree of cold we could procure, proving inſuffici- 
ent to congeal them : but ſurrounding a ſhort glaſs pipe full of liquid 
oil of aniſeeds, with ice, obtained in a warm ſeaſon, we obſerved, when it 
had hereby loſt its fluidity, twas conſiderably ſunk below its former height. 

7. We alto made the experiment with the empyreumatical oil of guaiacum, 
by expoſing it, in veſſels of a proper ſhape, to the greateſt degree of cold 
we could produce; but it did not thereby loſe its fluidity, only ſhrunk 
very manifeſtly. | | 

8. We immerſed two ſealed weather-glafſes, (filled the one with ſpirit 
of wine tinged with cochineal, the other with a blue mixture of the 
ſpirit of human blood, copper, and ſpirit of wine) in water, till it began to 
freeze; when removing the glaſſes into oil of turpentine, ä 
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with ſhow and falt, the liquors of both thermometers conſiderably ſub- Physics. 
ſided, and the blue one above half an inch; whence, by the way, it 
farther appears, that the air can impart a greater degree of cold 
than is required to freeze water, or than ice itſelf will always com- 
municate. 

9. Eſſential oil of aniſeed being poured into a round glaſs fitted 
with a ſtem, till it reſted at the height of five inches above the ball, 
we placed the glaſs in a veſſel of water made cold by ſal-armoniac; 
whereby, when the oil was coagulated, almoſt like of Sperma Ceti, its 
upper ſurface, we found, had ſhrunk three inches below the mark it 
firſt ſtood at: and the oil, when thus congealed, notwithſtanding the 
many bubbles of air it then containd, wou'd fink in water, tho when 
liquid it floated thereon. i 

| II. 


1. What gave the moderns their firſt hint, to ſuſpect water to be pxperiments in 
expandedby freezing, was the floating of ice upon water; which is moſt cenſert, relat- 
viſible in large quantities of that concrete: for in ſmall fragments it , e bubbles, 
will ſometimes riſe but very little above the ſurface of the flaid ; tho 2 
ſailors complain, that, in the frozen ſeas, they often meet with float- in ice. 
ing rocks of ice, as high as the maſts of their ſhips. Now, in caſe 
the ice be ſolid, and not compoſed of ſeveral fragments cemented to- 
gether, ſo as to leave large cavities fill'd with air, *twou'd be ealy to 
determine 4 priori its height above the water; ſuppoſing circumſtances 
as they rand with us: for a priſm of ice floating, erect, in freſh wa- 
ter, wou'd, according to our experiments of the expanſion of water 
by freezing, have its immerſed part eight or nine times longer than 
its extant, | 

2. Pieces of clear ice, apparently free from bubbles, wow'd not, in 
our trials, ſink in ſpirit of wine, of the firſt diſtillation from brandy, 
and floated in that drawn from quick-lime ; but it the ſpirit were well 
warmed, *twou'd ſink; and ſometimes flowly emerge, or remain ſu- 
{pended, as the liquor grew cold again; whilſt the ice, thaw'd by the 
heat, ſtream'd viſibly thro' the lighter ſpirit : common water, however, 
tho? heated very hot, ſuſtain'd the fragments of ice put into it, which 
in oil of turpentine, or thrice re&ified ſpirit of wine, ſunk like a 
ſtone. 

3. That the levity of ice, compared with water, proceeds from the 
bubbles of included air, which cauſe it to poſſeſs more ſpace when 
congealed, than when fluid, is evident from its texture. But if this 
alone be the cauſe hereof, many minute bubbles, inviſible to the na- 
ked eye, muſt be contain'd in ice; for, altho* numerous bubbles are 
conſpicuous in ſome parcels hereof, and even render them whitiſh and 
untranſparent; yet others that were clear as cryſtal, have been ob- 
ſerved to float on water. We, therefore, examin'd icme of the w_ 
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pursics. ſort with an excellent microſcope ; but cou'd not by this means diſcover a 
Lv ſufficient number of bubbles to perſuade us, that theſe alone were the 


adequate cauſe of the levity of ice. One piece, in particular, appear'd 
quite deſtitute of bubbles, when view'd with this glaſs; yet, when 
plunged under water, it wou'd preſently emerge; while another, leſs 
clear, ſnew'd plenty of bubbles, ſome whereof were ſmall as pins heads, 
and others ſo exceeding minute, as to be almoſt inviſible, thro? the mi- 
croſcope itſelf. It may be here remark'd, what will preſently be proved, 
that the abſolute weight of ice, and the water that aftorded it, are 
the ſame. Bubbles, however, muſt, doubtleſs, be part, if not the 
whole of the cauſe, of the levity and expanſion of ice; and therefore, 
their generation is one of the moſt conſiderable phenomena of cold : 
and to find out how thoſe cavities are produced, and if perfectly full, 
what ſubſtance they contain, is no trifling enquiry into the nature of 
this quality. 

4. Mr. Hobbs, with ſome others, ſeems to think the expanſion of 
water by congelation, is cauſed by a freſh infinuation of the exter- 
nal air, which conſtitutes the bubbles obſerved in ice. But then, 
how happens it, that when oil is frozen, the admiſſion of the air does 
not expand, but condenſe it? However, pouring water into a glaſs- 
egg, blown with a long ſtem, till *twas almoſt fill'd thereby, we ſealed 
it hermetically to prevent any inſinuation of the air; when, expoſin 
it to congelation, the frozen water manifeſtly expanded, and iwelled 
with numerous bubbles, which often gave it a whitiſh opacity. And, 
metalline veſſels, alſo, being fill'd with water, and carefully ſtop'd, did 
not prevent congelation, but the cold expanded the liquor, and turn'd 
it to ice, with plenty of bubbles. 

5. Tis very improbable, that bubbles ſhowd be produced by the 
air contain'd in the glaſs, mixing with the water that was hermeti- 
cally ſealed up, becauſe, if bubbles muſt cauſe the expanſion, how ſhall 
the water be at firſt expanded to reduce the air into bubbles? Be- 
fides, tis certain, the air retains its ſtation above the water, and 
keeps together in one parcel; as we ſhall ſee hereafter. Moreover, 
ice and bubbles here uſually begin to appear from the bottom of the 
veſſel; in which caſe the air, a body ſo much lighter than water, can- 
not be ſuppoſed to force its way thro” it; eſpecially fince it does not 
appear to deſcend in bubbles, as is uſual where air penetrates water. 
But where the veſſel is quite filled before *tis ſtopped, no air can dive 
into the contain'd water, becauſe none is left to have that effect. And 
laſtly, if all the bubbles were made of real air and filld therewith, it 
wou'd emerge upon thawing the ice; and a quantity thereof be ob- 
tainable, capable of filling the exceſs of ſpace poſſeſſed by water, when 
froze, above what it took up when fluid: which is contrary to our 
experiments made to that purpoſe. Upon trial, however, we find 


that 
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that theſe bubbles contain but little air; not more, perhaps, than uſu- Puxstes. 


ally lurks in the particles of fluids. | 

6. And that all of them are not filled with the air originally con- 
tain'd in the water, appears from the expanſion of the water, and the 
quantity of ſpace poſſe(s'd by the bubbles; which ſpace cannot be ade- 
quately filld with the latent air, unleſs the ſame parcel of matter 
cou'd really fill more ſpace at one time, than at another; which ſeems 
— gang impoſſible. But the following experiments will give more 
ight in this matter. (1.) Having kept fair water in an exhauſted re- 
ceiver, till it afforded no more bubbles, we immediately removed it 
into ſnow and falt, where it continued for a conſiderable time, before 
it began to freeze, whilſt we obſerved it not to ſwell near ſo much as 
common water; and the ice was but thinly ſtored with bubbles; tho' a 
few very ſmall ones appear'd therein, upon viewing it, placed between 
the vigorous flame of a candle and my eye. (2.) Part of this ſame ice, 
being gently thaw'd, and poured into a glaſs tube to freeze afreſh, it 
ſwelled conſiderably, and burſt the glaſs ; the ice appearing opake with 
bubbles. (3.) We poured water into a ſmall glaſs-egg, till it role to the 
height of an inch within the ſtem, and then placed it in a tall cylindrical 
receiver; after a thorough exhauſtion whereof, during which, the wa- 
ter ſeem'd to boil very conſiderably, and for a long while together, 
we removed the glaſs-egg into a veſſel of ice and falt, and there ſuf- 
fer'd it to remain for twelve hours, that all the water, except what 
was in the neck, might be perfectly froze ; at the end of which time, 
we found it to have riſen far above its 1 71 height: removing then 
the * into the open air, we quietly ſuffer'd the ice to thaw, whilſt 
in the external part of the ice, near the ſides of the egg, we beheld 
plenty of bubbles; but when this was diſſolved, the reſt of the ice 
appear d of a peculiar and unuſual texture, without any viſible bub- 
bles, but almoſt reſembling à piece of froſted glaſs ; the parts cauſing 
the aſperity, ſeeming very thick ſet : this ice, however, floated in the 
liquor into which the other was melted ; and whilſt a lump hereof re- 
main'd, about the bigneſs of a walnut, we convey'd the egg back to 
the receiver, which having exhauſted, a few bubbles, at length, ap- 
pear'd in the water; each whereof was an hundred times leſs than 
one of thoſe, firſt taken notice of in the ſame. Some ſmall bubbles 
alſo here appear'd in the ice, which were not perceiv'd before; but 
it did not diſſolve manifeſtly faſter in vacuo, than in the open air; 
but being, at length, wholly uncongealed, we took out the glaſs, an 
found the water had ſubſided to its original ſtanderd, if not, rather, 
a very little below it. The expanſion of the ice was here conſider- 
able; for the water roſe 34 inches in the ſtem, tho' the whole quan- 
tity employ'd, were but two ounces and a half, 

7. We fill'd a ſmall cylindrical tube, cloſed at one end, with wa- 
ter, and thruſt it into a wide-mouth'd glaſs half fill'd with ice and 
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PHYs1CS. falt; then. conveying all into a receiver, and pumping out the air, a 
great number of bubbles ifſued both from the upper and lower parts 


of the water; moſt of which broke into the receiver. Then finding 
the engine to continue ſtanch, and by the ſwelling of the higher part 
of the water, the under to be frozen, we let in the external air, re- 
moved the receiver before the mixture was half melted, and found 
the water in the cylinder, as high as that mixture had reached, turn d 
to ice, wherein were ſome large conſpicuous bubbles, and ſmall ones 
enow to render it opake. 12 

8. Upon pouring water into a glaſs-egg, till it roſe to a certain 
noted height in the neck, and ſetting it to freeze in a mixture of ice 
and falt, that reach'd within an inch of its upper ſurface, we ob- 
ſerved the following particulars. (1.) The water did not ſenſibly ſub- 
fide before it began to freeze. (2.) Within a quarter of an hour, it 
began to ſwell, and ſome of its parts that lay next the ſides and 
bottom of the glaſs were frozen. (3.) In the ſpace of an hour, from 
firſt expoſing the water to freeze, it roſe 45 inches above the mark; 
and before *twas taken out, it had aſcended 5 inches higher than the 
fame, tho' part of the water then remain'd unfrozen. (4.) The lower 
parts, only, of the water were congealed, and not its upper ſurface. 
(5.) No conſiderable bubbles, during this great elevation, appear'd in 
the unfrozen parts of the water; but the ice ſeem'd full of them; and 
ſeveral, towards the latter end of the experiment, were grown very 
large and differently figured, whilft others ſhew'd leſs. (6.) Upon ta- 
king out the glaſs whilſt the water was at the higheſt, and pouring 
in oil till it roſe two inches above the former ſurface, we nimbly 
ſealed the glaſs, during which operation the water fubſided a little; 
but replacing the glaſs in the mixture, the water ſoon regain'd its 
former height, whilſt the height of an inch and half of the 
ſealed glaſs was unpoſſeſs'd by the two liquors. (Y.) In theſe cir- 
cumſtances we carefully weigh'd the egg, firſt in air, and then in 
water, the better to diſcover if the glaſs ſhrunk; and whilſt it hung 
balanced in the latter, the ice thaw'd, and many bubbles, great and 
ſmall, aſcended, the former with a wrigling motion, and vaniſh'd at 
the top. (8.) As the ice thaw'd, the water and oil deſcended, till the 
whole was diſſolved; at which time we obſerved the ſcales to conti- 
nue horizontal; and that the water was again ſubſided exactly to its 
original ſtandard, notwithſtanding ſo conſiderable an avolation of bub- 
bles. (o.) Inverting the glaſs, we gently broke off its ſealed ſlender end, 
under water, part whereof being npell'd up, ſenſibly reduced the air 
at the oppoſite end within narrower bounds. (10.) The glaſs being again 
inverted and held till, the water newly admitted, together with the. 
former, and the oil, poſſeſs'd the ſame places with the water and oil 
before the glaſs was ſealed. (11.) Laftly, upon throwing out the oil, 


and employing a little of the ſame water, occaſionally, we found — 
| g glaſs, 
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glaſs, filld.;to its higheſt mark, weigh'd 4374 grains, but when fill d Pursics. 
to the loweſt mark 4152, and when quite empty, only 1032 grains: e 


ſo that tlie water contain d between the higheſt and the loweſt mark, 
and raiſed by glaciation, was about a fiiteenth part of the whole, 
and wou'd probably have been more, had the whole been frozen. 

9. We: poured water into a large glaſs-egg, till it reach'd an inch 
high in the ſtem; then expoſing it all night to a mixture or ſnow 
and ſalt, placed below the bottom of the ſtem, we found the water, 
about ten the next morning, riſen fiiteen inches above the former 
height; the whole cylinder of water continuing fluid: then ſuffering 
the water to ſwell freely, it reach'd, within ſeven or eight hours time, 
to the top of the glaſs; ſo that a drop or two ran over; that is, it 
aſcended nineteen inches above the firſt mark; which ſcarce allowed 
us to ſeal up the end: but, afterwards, removing the velſel into a warm 
place till next morning, and all the ice in the belly being thaw'd, the 
water ſubſided a little below its firſt ſtation, by reaſon of a little that 
was ſpilt in ſealing the glaſs: but here an accident hinder'd us from 
proſecuting the experiment farther. 5280 "IRS 

10. Another glais, farniſh'd as the former, being placed to freeze in 
the ſame manner, its water roſe near an inch in leſs than an hour; 
when that in the ball and juncture of the neck was frozen into lamine, 
which after an hour and quarter diſappear'd in the neck; but in the 
ball there ſeem'd a white ice; and the water aſcended in all 43 inches. 
Abundance of ſmall bubbles now, perpetually, roſe thro” the neck, and 
continued to do ſo till the thaw was finiſh'd; the white ice appear- 
ing full of bubbles. Upon proſecuting the experiment farther, the 
water continued to aſcend till it had reached about eight inches above 
the firſt mark; when, drawing the top of the pipe into a very flen- 
der cylinder to be ſeal'd, we again placed the glas in the mixture, that 
the air heated by the lamp, might cool; whereupon the water ſwell'd 
till it began to run over at the orifice of the ſmall pipe, which we 
then immediately ſealed up; ſo that the whole glaſs appear'd full of 
water, except an inconſiderable quantity of rarified air contiguous to 
the ſeal'd end. The egg being now brought into a warm room, ſtood 
there all night, and part of the next morning, before the ice was quite 
diſſolved; after which; we found the water ſubſided to its original ſta- 
tion. Things ſtanding thus, we inverted the glaſs, and plunged its 
lealed end under water, then broke it off, whereupon the external air 
forced ſo much water into the pipe, that the upper ſurface reach'd ſe- 
ven inches above the firſt mark, and left an inch and half of the ſtem 
unpoſſeſs'd, below where it began to grow exceeding ſlender, and, alſo, 
as much of that part as, by gueſs, amounted: to a quarter of an inch; 
whence. the bubbles that cauſed the water to ſwell, and appear'd in 
the ice, were equal to 14 inch of air, which, conlequently, was, in 
great meaſure, generated by this proceſs, as well as ſeven inches ei- 
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ther of a vnruum, or ſome ſubtile ſubſtance, which for want of ela- 


iſticity cou'd not be air. 


11. Upon breaking a ſeal'd glaſs, fitted as the former, under water, 
a cylinder of 104 inches was impell'd into it, whilſt the mark where. 
at. the ice had ſtood, was 114 above the firſt. 

12. In the bolt-head that ſhew'd us the greateſt condenſation of air, 
the water was by cold made to riſe almoſt a foot above its original 
ſtation; when the glaſs being ſealed, and the ice being permitted to 
thaw gently, the water funk back to the firſt mark; we then inver- 
ted the glaſs, and broke off its apex under-water, whence an addition 
of above eleven mches of water was, with ſome noiſe and violence, 
driven into the tube; ſo that near } inch of air appeared to have 
been generated or ſeparated in the operation. 

13. Having cauſed the water to ſwell about ten inches in the 
ſame veſſel, we ordered it as before, and found the additional quantity 


of water to be, alſo, about ten inches. 


that the ice-bubbles were not filled with air; for hav 
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14. We obſerved, not only in water, but other aqueous liquors, 
| ing froze milk 
and urine, and ſuffered them to thaw, they ſeverally ſubſided near 
their original ſtations ; when inverting the containing glaſſes, and breaking 
them under water, the milk and urine were maniteſtly impelled up- 
wards, and the ftems appeared to have acquired an addition of five or 
fix inches of water. 

15. Upon breaking, in like manner, a fealed glafs of claret-wine, 
that we found in part frozen, the water was preſſed up 4 inch; which 
could not have happened if the generated bubbles had been full of 
genuine air. All theſe: experiments, however, only ſhew us, that theſe 
bubbles are not filled by air, but leaves usin the dark as to what it is 
that fills them, | 


XII. 


1. We have employed two different methods to meaſure the ex- 
panſion of fluids; and firſt, by pouring a certain number of ſingle 
weighed onnces of water into a bolt-head, and marking the height 
whereto each of them roſe, till the ſtem of the glaſs was filled, and 
afterwards pouring. ſome of them back again, we ſuffered the remainder 
to freeze from the bottom upwards and found that the ice made from 
eighty two parts of water poſſeſs d the ſpace of ninety one and an 
eighth; whence: the water expanded by cold, took up about a ninth 
part more ſpace than before congelation. 

2. After the ſame manner, we found at another time, that fifty five 
parts of water ftretched, by freezing into the ſpace of 603 ; about 
fix of the former parts remaining unfrozen : ſo that this experi- 
ment nearly agrees with the preceeding. — 
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3. The other way we made uſe of was, to fill a cylindrical tube, Parscs. 
ſealed at one end, to a certain height with water; which we marked = 
on the outſide, then kept the glaſs erect, and froze the water upwards, 
whereby we have obſerved it to acquire greater dimenſions, by a tenth, 
in the form of ice, than when fluid; tho? ſmall varieties may often 
happen from the difference in the water applied in this experiment, and 
other circumſtances; and, accordingly, I once found a greater expanſion . 
than the laſt mention'd. 

4. Expoſing water to freeze in a very even cylindrical glaſs, we 
found it expanded about an eighth, or, at leaſt, a ninth part upon gla- 
ciation: this we obſerved, alſo, a ſecond time, and ſuppoſed the intu- 
meſcence * have ſtill been greater, but that the freezing ſucceeded 
ill in the cylinder. 

5. Sealing up a bolt-head, whoſe ſtem ſtood ſeventeen inches above 
the ſurface of the contained water, and placing it in our freezing mixture 
for eight or nine hours, the water aſcended above 15 4 inches; 
when being left to it ſelf for an hour, the ſealed end of the glaſs 
was blown off, quite round, and the bottom burſt into many pieces; 
the whole body of the pipe remaining ſound. 

6. We ſealed up ſome water that had been well purged of air by 
the air-pump, in a bolt-head, whoſe pipe roſe five inches above the 
upper ſurface of the fluid; then ſetting the glaſs in a frigorific mixture, 
it exhibited an ice very prettily figured, and without manifeſt bubles; 
and in leſs than two hours time, the water was impelled up 43 inches, 
that is a little above the baſis of the cone made in ſealing ; when 
the glaſs burſting with a noiſe, the pipe remain d entire, and a conſidera- 
ble part of the water appeared unfrozen under the ice, and the broken 
veſſel ſeemed to ſmoke : and here, as we conjectured, the air was 
compreſs'd into about a twentieth part of its former dimenſions. 

7. The ſpherical part of a glaſs-egg, about three inches in diameter, 
being filled with water to the bottom of the ſtem, was carefully 
freed from air, ſealed and expoſed to freeze from the bottom upwards ; 
when the water in the ball was frozen, and a ſmall part of that in 
the bottom of the ſtem, the remaining fluid reached above 83 inches 
above the original ftation ; while the whole length of the ſtem was 
little more than 104 inches. The ſame glaſs of water being after- 
wards ſealed up with air in it, and frozen, the ice reached not quite 
four inches above the original ſtation; tho' *twas now- as well frozen as 
before. 

"But theſe experiments ſeem to contradif the accounts given us; by 
thoſe who have failed in frozen ſeas, of huge floating mountains of 
ice, with their top3 a ſurprizing height out of water, in compariſon 
of their immerſed part. The Dutch tell us of one they ſaw in their 
famous voyage to Nova Zembla, that reached ſixteen fathom: above the 


ſurface of the water, and but thirty fix below it. 
| They 
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They have alſo theſe two more remarkable paſſages in their voyage. 
And we ſaw, *ſay- they, another great piece of ice lying faſt in the 
ec ſea, as if it had been a tower; we rowed up to it, and catting out our 
ce Jead, found that it reſted twenty fathom on the ground under water, 
cc and twelve fathom above the ſuriace.----By caſting out our lead we 
ce found onother piece of ice lye eighteen fathom deep, faſt at the bot- 
« tom, and ten tathom high above the ſurſace of. the ſea.” | 

And Janus Munclius mentions ſome floating pieces of ice, ſeen in his 
voyage to Greenland, that were extant twenty tathom, whilſt what re- 
amain'd of them under water was but forty; whereas, according to our 


. computation, the immerſed part of ice ought to be eight or nine 


times as deep as its extent is high. To obviate this objection, let it 
be obſerved, that in our computation, the ice is ſuppoſed to float in 
freſh water, when, in the other caſe, it ſwims in the tea, whoſe water 
is much heavier. We muſt, however, allow, that the fea 1s leſs 


fſalt near the poles, than in the temperate or torrid zone; but then 


this leſſer degree of ſaltneſs may be ballanced by a greater degree 07 
coldneſs, which vehemently condenſes that water, belore it begins 
to freeze. However, the principal thing to be here conſidered is, that 
theſe podigious maſſes of ice, are not uniformly ſolid, but compoſed 
of ſeveral rude portions cemented together, with huge cavities between 
them: and, according to Bartholine, chiefly conſiſt of frozen ſnow; ſo 
that their weight muſt not be eſtimated by their bulk, without allow- 
ing for the air and interſperſed vacuities in them; whence the whole 


icy mountain may preſs the ſubjacent fluid no more than a bulk of the 


ſame water equal to that of the immerſed part of the ice. Moreover, 


tis very probable, that theſe mountains of ice would ſink lower, had 
they a ſufficient, depth of water; for 1 find not that any pieces have 


been meaſured that floated freely in the ſea ; and therefore if their 
bottoms reſt upon the ground, the great ſnows, frequent in gelid 
climates, may eaſily fall upon their heads, and running together by the 
ſun's heat, &c. add to their height above water. Thus the ice ob- 
ſerved by Captain James, to be twice the height of his top-maſt head, 
reſted in forty fathom water; and the large mountain above mention'd, 
obſerved by the Hellanders in Nova Zembla, lay faſt in the ground. But 


Mr. Hudſon, in the bay that has receiv'd his name, met with ſeveral 


iſlands of ice a-ground in fix or ſeven ſcore fathom water; where, 
if the ſea had been deeper, they wou'd, doubtleſs, have ſunk lower, 
and 1o leſſened the height of their extant parts. 
As no liquors have hitherto appeared to me expanded by cold, 
without actual freezing, tis a queſtion whether aqueous fluids ex- 
pand by congelation upon any other account than that of the phlegm 
they contain : farther experiments might, however, be made to ſettle 
this matter. . 2 
1. The 
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XIV. 


1. The force wherewith water expands in freezing, is greater than 
men generally imagine. We filled a half pint pewter bottle quite fulk 
of water, ſcrewed on its ſtopple, and expoſed it to the cold air of a 
froſty night, and by next morning found the water had burſt the 
bottle, which was new; the crack appearing in the very ſubſtance of 
the pewter. This experiment we repeated with the like ſucceſs. 

2. Totry whether a ſmall quantity of water would produce the 
fame effect, we poured about an ounce of water into a new ſmall and 
thick pewter pot ; and found it conſtantly torn by the expanſive force 
of the ice. | 

3. We, afterwards, filled a quart bottle with a congealable liquor, 
and tied down the cork very firmly with ſtrong packthread ; but not- 
withſtanding this precaution, the expanding fluid forced it out. 

4. We, therefore, faſtened a cork ſtill more ſtrongly in the mouth of 
a quart glaſs bottle of water, which -we expoſed to an exceeding ſharp 
air, for ſeveral hours, till, at length, the bottle burſt; tho* the 
thinneſt part where it broke meaſured , inch. In the ſame manner, we, 
alſo, broke a ſtrong earthen Flanders bottle, the thineſt part whereof 
meaſured, alſo, d inch. 

5. But to bring this force nearer to a computation, I made uſe of a 
ſtrong concave braſs cylinder, open at one end, which was exactly 
fitted with a cover, that, by its rim, filled up the mouth. This cylinder, 
which was five inches deep on the inſide, and 14 inch in diameter, we 
filled perfectly full with water, carefully placed on the cover, faſtened 
it into an iron frame that held it erect, and placed a ſmall half hundred 
weight thereon, and thus expoſed it to the cold air of a froſty 
night; but the contained water was found uncongealed, the next 
morning : and no better ſucceſs had we upon a ſecond attempt, what- 
ever were the cauſe hereof. We, therefore, applied to the outſide of 
the veſſel, a mixture of ice and ſalt; yet, even by this means, the gla- 
ciation proceeded very ſlowly : but at length ice on one fide ſwell'd 
above the top of the cylinder, there raiſed up the cover, and 
threw down the weight. At another time, however, we found both 
the cover and weight, uniformly lifted up to a-ſmall height by the 
expanded ice. And here we took particular notice, that the included 
cylinder of ice being, after a gentle thaw of its ſuperficial parts, taken 
out, appeared opake with bubbles; and when the weight was newly 
taken ** there iſſued from a little hole, that ſeemed to be between 
the ice and edge of the braſs, many drops of water dilated into nu- 
merous bubbles, and reduced into a kind of froth, as if they had 
ot liberty to expand themſelves by the removal of the weight: 

wever, this phenomenon was but of ſhort continuance. * 
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6. But. the inconveniencies attending this method, obliged us to alter 


the braſs cover for a well ſoak'd wooden plug, which, being forcibly 


driven into the mouth of our cylinder, could not be forced out by 
the weight of ſeventy five pound, hung thereto, while the cylinder 
was inverted. Water being thus expoſed to freeze, in a very ſharp 
night, thruſt out the plug about the breadth of a barely corn, 
quite round, above the upper edge of the cylinder ; but continuing to 
freeze fer two days longer, it, at length, forced it out near a quarter 
of an inch. How much greater the expanſive force of freezing water 
may be, we could not determine for want of convenient inſtrumeuts 
wherewith to meaſure it; but this degree ſeems very extraordinary, 
.confidering water, when unconfin'd, extends it ſelf, by congelation, no 
farther than to poſſeſs, at moſt, an eighth more ſpace than when in its 
-natural ſtate. 

7. We took a ſtrong cylinder of braſs, its cavity two inches in di- 
ameter, and placed therein a well-tied bladder, including ſome water, 
which could not expand any way but upwards; to the mouth of this 
cylinder we fitted a wooden plug, to riſe and fall therein with eaſe, 
upon which we laid weights, to hinder its elevation when the water be- 
gan to freeze; then applying ſalt and ice to the veſſel, the water in 
the bladder ſoon began to expand it ſelf, and, in two hours after, the 
plug appeared to be raiſed near half an inch, notwithſtanding the 

undred and twenty pound weight that lay thereon. Upon repeating 
this experiment, inſtead of the forementioned weight, two hundred and 
fiſty four pounds were now elevated by the expanſive force of the 
ice. 

8. A gun-barrel, fourteen inches long, whoſe bore was in diameter 
2 inch, and where leaſt thick of metal 3 inch, being filled with water, 
exactly cloſed at the breech, and —— a ſcrew at the mouth, was 
buried in ice and ſalt for about two hours, and, during that time, re- 
ceived a crack of ſix inches long, that run obliquely from three inches 
above the breech, and appeared wideſt in the middle; where, alſo, 
the barrel ſeemed diſtended. The ice we thought contained ſmaller bub- 
bles than if the water had not been pent up; but the ſmalleſt were fo 
numerous as to hinder its tranſparency. 

9. The touch hole of a ſtrong gun-barrel, twenty four inches long, 
being ſtopped, and a plug of iron forcibly driven into the muzzel after 
the- barrel had been filled with water, we placed it in a mixture of 
ice and falt, where, within about three minutes, the plug was, with 
a noiſe forcibly driven out of the mouth; and being now wedg'd and 
fixed in faſter than before, it was, in three minutes time, again forced 
out with ſuch a vehemence, that it broke a deal board of the box 
wherein the experiment was made. We afterwards incorporated the 
plug, by means of the fire and a hammer, with the muzzle of the 
gun; when expoſing it to freeze afreſh, the touch-hole gave way ; and * 

cauſed 
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cauſed us to thruſt a nail into the touch-hole ; when, upon repeating Physics. 
the experiment, that too was driven out: but laſtly, we now foldered CL VRIJ 


the nail in, ſo that the water could not expand without burſting the 
barrel; and accordingly, within a quarter of a hour after it was thus 
placed in the freezing mixture, it burſt, with a loud noiſe, and blew 
up the cover of the box wherein it lay; tho” the crack which was 24 in- 
ches Ikea diſcovered a very conſiderable thickneſs in that part of the 
metal. 

10. A new pint, pewter bottle, filled with water, and a top ſcrewed 
on to it, being ſet in a frigorific mixture, for a quarter of an hour, 
it broke, with a noiſe, and exhibited a crack almoſt 1 inch long, 
and in one place ; inch wide. The bottle ſeemed to be every way 
diſtended, but particularly at the- bottom. 

11. I cauſed a ſmith to take a piſtol-barrel about two feet in length, 
and of a proportionable bore, and, by rivetting in a piece of iron, to 
ſtop exactly the touch-hole, and then fit to the mouth of the bar- 
rel a ſcrew, to go as clole as poſſible : this barrel being filled to the 
top with water; I cauſed the ſcrew to be very forcibly driven in, 
that the water, dilated by congelation, might neither preſs it out nor 
get between it and the top of the barrel; and having then ſuſpended 
the barrel in a perpendicular poſture in the free air of a very cold 
night, 1 found, the next morning, that the water had thruſt out a 
great part of the ſcrew, tho' I had oil'd it before, and was got 
betwixt the remaning part of it and the barrel; wherefore, the exceſſive 
cold continuing one day longer, I, the next night, cauſed the inter- 
vals that might be left betwixt the male and female ſcrew, to be filled 
up with melted bees wax; andhaving, in other points, proceeded as before, 
| found, the next morning, the ſcrew held as J deſired; and that 
the cold had ſo forcibly congealed and expanded the water, that it 
burſt the iron barrel near the top, and made a conſiderable oblique 
crack therein, about which a pretty quantity of ice appeared to ſtick, 
and alſo three or four other flaws or actual cracks, at ſome of which, 
ſmaller quantities of water appeared to have got out. When, by thaw- 
ing one part of the ice, ſome pieces of the reſt were got out of the 
barrel, all I took notice of appeared to be full of bubbles ſmaller 
than ordinary. 

12. Moreover, we attempted to freeze water that filled a ſmall ca- 
vity left ina thick iron ball, and cut into a female ſcrew, whereto a male 
one was fitted, to be driven by means of a vice; but any degree 
of cold we could . procure proving unable, or not ſufficiently durable 
to congeal the water, thro' ſuch a thickneſs of metal, we cannot 
ſay what phenomena ſuch an experiment, ſucceſsfully tried, might 
afford. 

13. But whence can this prodigious force of congealed water pro- 
ceed ? Should cold be, as the Curteſſans would have it, only a privation 
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Pars1cs. of heat, or freezing be occaſioned, according to the Epicureans, by the 
entrance of frigorific particles, tis not very eaſy to account for this 
phenomenon; The firſt hypotheſis ſhews no cauſe of this expanſiye 
power ; nor does the ſecond explain how the admitted corpuſcles ſhould 
produce ſo ſtrange an effect, without giving any maniteſt ſigns of vi- 
olence in their firſt admittance, when they freely penetrate the ſides 
of the veſſel they afterwards burſt. Beſides, in oil, which requires a 
great degree of cold to reduce it to a moderate hardneſs, the frigorific 
particles it admitted, do not expand, but contract it. 
14. I leave it to others to make further experiments upon other 
aqueous liquors, as to their different degrees of expanſion by cold; 1 
am told, however, that in Ruſſia, glaſs and ſtone bottles are fre- 
quently burft by the congealed beer or wine they contain. 


XV. 


Experiment t. We poured water into a large glaſs-egg, with a proportionable cylin - 
relating to a drical ſtem, till it aſcended about a finger's breadth into its neck, and then 
ew method of ſet it to freeze, for ſome hours, in ſnow and ſalt, with the top of the 
eftimating = tube open, whereby the water roſe almoſt ſeven inches. At this time 
— ng we nimbly ſealed up the upper end of the tube, that was drawn out 
and of bighly exceeding ſlender, and ſuffered it to continue in the mixture, adding freſh 
compreſſing {now occaſionally, for about twenty-four hours, to ſee how much 
«ir without the impriſoned air would be compreſs' d; which, at the time of ſealing, 
— was a cylinder of about 9 2 inches high. This ſpace the upper 
water gradually invaded, as ice increaſed below, till, at length, the 
water reached almoſt 83 above the ſtation it had when firſt the glaſs 
was ſealed; and, conſequently, had crowded the air into the ſpace of 
about an inch. Then gently inverting the glaſs, . that the air might 
come at the ice, for the water in the ſtem had purpoſely been kept 
fluid, we broke the ſealed end into a jar, whereupon the compreſs d 
air immediately, and with violence, blew out of the tube, about ten inches 
height of water, that is a greater ſpace than was poſſeſſed by the air before 
condenſation: and ſuch a great multitude of bubbles were now ſet at 
liberty, that they roſe from the lower part of the glaſs to the top of the re- 
maining water, as in bottled beer upon taking out the cork. Twas here 
remarkable, that when the air ſtood compreſs'd to ſeven inches, the middle 
of the glaſs poſſeſſed thereby, and neareſt to the water, was all around, to 
a confiderable height, full of very ſmall drops like dew, which diſappear'd 
when we came to break the ſealed end. 

2. Having filled a ſingle vial, with water, about half an inch above 
the lower part of the neck, and left two inches height of air in the 
remaining part thereof, which was, alſo, drawn out into a ſlender pipe, 
we ſealed it up, after the air had been throughly cooled, and {ct 
the water to freeze; whereby the air was condenſed into a lels 


ſpace + but ſoon after, the upper part and. ſlender. pipe of the glals, 
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were blown off, with a conſiderable noice and violence. This glaſs, Ppursics. 
indeed, was made of brittle metal; tho' the like accident alſo be- LCZVRIJ 


tel us in two other attempts. 

3. We took a glals, in ſhape and magnitude like a turkey's egg, with 
a cylindrical ſtem, except that it was a little wider at the bottom 
than at the top, and filled it with water till only 44 inches of the 
tube remained empty; the upper part whereof was drawn conical, 
for the conveniency of ſealing : along this tube from the ſurface of 
the water to the top of the glaſs, we paſted a long (lip of paper, 
divided into inches and quarters; then ſealing the glaſs, we oblerved, 
that by holding it in a warm hand, in a room where there was a large 
fire, the water roſe near 4 inch; but placing the glaſs among pieces of 
ſolid ice and ſalt, the water preſently began to ſubſide, and, freezing 
ſoon after, to ſwell, ſo that by degrees it compreſſed the air into 
above a ſeventeenth part of the ſpace it before poſſeſs'd; till at length, 
the force of expanſion growing too ſtrong for the reſiſtance of the 
glaſs, it burſt, with a very loud noiſe, in its oval part; the pipe and 
ſeal'd end remaining entire; and the ice appearing full of bubbles, 
which render'd it opake and white. The water that had aſcended 
into the neck, was all driven out upon the burſting of the glaſs. 

4. But the moſt ſucceſsful experiment of this kind, was made in a 
ſhort, ſtrong, glaſs-egg, whoſe ball bore a very large proportion to its 
ſtem z whence the expanſion might exert itſelf more forcibly. This veſ- 
ſel, turniſh'd with water, we ſealed exactly, placed a divided liſt of 
paper along its ſtem, and expoſed it to freeze in ice and falt, by which 
means the water preſently began to condenſe the air, aſcending, for a 
conſiderable time, very faſt, till it had crowded the contain'd air in- 
to a nineteenth part of the ſpace it at firſt poſſeſs'd; when preſently 
the ball of the glaſs was burſt to pieces, with a loud report; but the 
ſtem was left entire. 

5. We took a round ball of glaſs, furniſh'd with a moderately long 
pipe, and having filld it with water, till the liquor reach'd within 
tome inches of the top, we ſeal'd it hermetically; and then the water, 
by a mixture of ice and ſalt, was made to freeze from the bottom 
upwards; that, without breaking the glaſs, the unfrozen water might 
be impelled upwards by the expanſive endeavour of that which was 
freezing, and ſo, at once, both compreſs the air, and be preſs'd upon 
by it: having, by this means, condenſed the air, as far as we thought 
ſafe in the glaſs, we broke off its ſmall apex; when immediately the 
compreſs'd air flew out with a great noiſe, and part of the pipe, which 
was unfilld with water, appear'd fill'd with ſmoke, that made it look 
white ; and great ſtore of little bubbles haſtily aſcended from the low- 
er parts of hs water to the upper, where moſt of them quickly broke. 
But, what is principally to be noted, the water itſelf immediately aſ- 
cended à of an inch. Tho' I am not ſure, till farther trial, that there 
was no ſpringineſs in the ice _ 1 to the effect; or _ 
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Puyscs. the great preſſure of the condens'd air, did not make the glaſs itſelf 
Lava, fretch or yield; in which caſe the parts of the diſtended glaſs, upon 


the removal of the forcible preſſure of the air, returning to their tor. 
mer ſtreightneſs below, will make the water aſcend ſomewhat higher 
in the pipe. But I cou'd not procure proper glaſſes wherewith to 
examine the truth of this ſuſpicion; which I wou'd, likewiſe, have tried 
by the bulk of the glaſs in water, before and after letting out of 
the compreſs'd air. But as four or five other trials made with ang 
ther liquor, as well as water, exhibited a manifeſt intumeſcence; 
ſo in the preſent experiment, if we had judg'd our glaſs ftrong 
enough to endure ſuch a compreſſion of the included air, as we have 
often employ'd on other occaſions, the effect wouꝰd, probably, have been 
much more conſiderable. For, tho' the difference between the length 
of the ſame water, comprelſs'd and uncompreſs'd, amounted to a cylin- 
der of ; inch in height, yet the air that made this compreſſion was 
itſelf reduc'd, but from eight inches to five; whereas we have ſome- 
times reduc'd it to an eighteenth or twentieth part of its uſual ſpace. 
I might add, that, when we broke off the ſeal'd apex of the glaſs, be- 
fore the included air was much compreſs'd, there wou'd be neither 
any great noiſe made, nor any conſiderable froth produced at the 
top of the water; and that having repeated the experiment in one of 
the ſame | glaſſes, and with the lame water that had been already 
compreſs'd therein, we found, upon breaking off the hermetical ſeal 
a. ſecond time, the water did, nevertheleſs, aſcend into the pipe, be- 

twixt 4 and & inch. | "144 
6. This method of compreſſing air in veſſels hermetically ſealed, 
ſeems leſs exceptionable than any hitherto put in practice; and had 
we not wanted freezing materials, and proper glaſſes, I make no que- 
ſtion, but, we ſhou'd have reduced that fluid into a much leſs ſpace. 
And, by the way, this ſeems a promiſing method, wherein to attempt 
the compreſſion of water; for its having been hitherto found incon:- 
preſſible, may, perhaps, be owing to the poroſity of the veſſels em- 
ploy'd, which admit the particles of the fluid to paſs thro' them, 
upon the ſudden application of any great force; whilſt, in our way, 
the force is gradually and uniformly exerted, upon the water, in a vel- 
ſel that may break indeed, but till then, remains perfectly impervious 
to the fineſt parts of the contain'd fluid. And in one of the preceding 
experiments, it appear*d, from the vaſt multitude of bubbles that man- 
feſted themſelves, upon the breaking of the glaſs, that the water which 
lay between the ice and the crowded. air, had been violently com- 
preſs'd by them; which we the rather believe, becauſe, having at 
another time, ſealed up ſome air and water in a glaſs-egg, and pe- 
mitted the water to ſwell by the operation of the cold, till it! 
reduced the air into of its natural ſpace, we actually perceiv'd the 
water 
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water aſcend, to the height of 4 inch, upon breaking off the ſealed Pursics. 
apex of the glaſs. . 


XVI. 


1. Tis more difficult, than one at firſt ſight wou'd imagine, to de- Experiments 


of termine the ſphere of the activity of cold; for to aſſign the preciſe and ofſervatis 
9. limits wherein a cold body can operate, many particulars muſt be ta- 9 en the 
>» n ſid N : f. inſta h d . . ſphere of aFie- * 
; ken into conſideration: as, for nce, the degree of cold belonging 77: 

x. f . _—_ bogs vity of cold... 
18 to the given body; the medium thro' which its power is diſfuſed; the 

e conſiſtence, texture, motion, or reſt of that medium; the manner where- 

= in the cold is ſpread, with. regard to the inſtrument that acquaints 

h | us with it; the bulk of the body, &c. However, in the ſmall porti- 

50 ons of ice employ d in our experiments, we found the ſphere of acti- 

13 vity very narrow; not only when compared to that of heat or fire, 

A but the atmoſpheres of ſcented bodies, or even of the attraction in a 

e. load-ſtone: ſo that J have made it a queſtion, whether a cold body 

* be diſcernable by us without immediate contact. And agreeable here- 

1 to, I cou'd not find, if a man's eyes were cloſe ſhut, that he was 


ſenſible of the neareſt poſſible approach of a tolerably large piece of 
ice, to the ends of his fingers. 

2. And for farther fatistattion herein, I placed one of the moſt ſen- 
ſible thermometers very near to little maſſes of ſnow, but it took no 
notice of them, till we cauſed them to touch the inftrument. This 
languidneſs in the operation may, however, chance to proceed from the 
ſmallneſs of the pieces of ice employ'd ; for a merchant, who has made 
ſeveral obſervations upon cold in Greenland, informs me, that upon the 
ſea they were apprized of their approach. to ice, as well by the in- 
creaſe of cold, as the ſhining light it yields. Tho' this account, I muſt. 
own, ſeems not to agree with that of ſome others, who have faild in 
frozen climates ; and once, in particular, I remember it is ſaid by ſome 
of them, that their ſhip lay aſide of vaſt zhoals of ice, whilſt they, 
thro' fogs, 'remain'd ignorant of it. Tho' I have been inform'd by an 
old ſea captain, that when the wind blew from the great banks and 
| tracts of ice, they felt an extraordinary degree of cold, ſometimes for 
| twenty. leagues before they came up to it. 
| 3. We deſign'd to have tried, whether ſnow or ice wou'd freeze 
water, that was immediately contiguous to them; for Olearius relates, 
that at Ipahan, the capital city of Perſia, where the water ſeldom: 
freezes above an inch thick, and the ice preſently diſſolves upon the 
riſing of the ſun, there are ſtore-houſes furniſh'd with thick pieces of 
folid ice, procured by pouring a large quantity. of water,. at proper 
intervals, over- night, upon a ſhelving marble floor, where, as the water 
runs, it is frozen by the contiguous ice; which thereby, in two or 
three ſucceſſive nights, becomes conſiderably thick, 


4: Once 


| PHYSICS. 
/=>J When the water, inſtead of freezing upon the ice, diſſolved it; but then 
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4. Once indeed, we attempted to make this experiment in England, 


the water was freſh pump' d, and had not been ſutfer'd to cool in the open 
air, before we employ'd it; and therefore ſeem'd warmiſh in com- 
pariſon of ice. And indeed, allowance muſt be made for the ditferent 
temperature of the air of different countries: for tho' water poured 
upon ſnow, is apt to diffolve it with us; yet in Ruſſia, I am inform'd, 
_ frequently convert water and ſnow into ice, by mixing them to- 
gether. 

5. Natural glaciation, uſually proceeds from the upper parts of bodies 
to their lower; but how deep the froſt will reach in earth and wa- 
ter, is not eaſily known; becauſe this depth may vary with the de- 
gree of coldneſs in the air, which appears to be the cauſe of glaciation, 
as alſo by a longer or ſhorter duration of the froſt, the texture of 
the earth, the nature of the juices wherewith it is impregnated, the 
conſtitution of its more internal parts, as to heat and cold, the nature 
of its effluvia, &c. Thus, I have ſeen a large tract of land, with vaſt 
quantities of lime-ſtones near its ſurface, where I was aſſured, that 
ſnow will never lye. And to try the depth, whereto froſt will pene- 
trate into the earth, I made the following obſervation in a village near 
two miles from a great city. (1.) Jan. 22. After four nights of hard 
froſt, we dug in an orchard where the ground was level and bare, 
and found the froſt had ſcarce reach'd 34 inches; and in a garden, 
nearer the houſe, only two inches below the ſurface. (2.) Nine or ten 
ſucceſſive froſty nights, froze the bare ground in the garden 6 inches 
deep, and in the orchard, where a wall ſhelter'd it from the ſouth- ſun, to 
the depth of 81 inches. (3.) Feb. 9. We dug in an orchard near a 
wall, and found the froſt to have penetrated the ground about four- 
teen inches; when eight days before it was obſerved to be 83 inches. 
(4.) A lender glaſs pipe, eighteen inches long, ſealed at one end, and 
filled with water, being thruſt, over night, into a hole made in the 
earth, till the ſurface of the water lay level with that of the ground, 
the water appear'd, next morning, frozen in the cylinder only a lit- 
tle more than to the depth of three inches; but there reached down- 
wards from this ice, part of a cylinder of the ſame, to the length of 
ſix inches; the reſt of the water remaining unfrozen, tho' in an ex- 
ceeding ſharp night, and in a very hard ſeaſon. The earth in the garden 
where this experiment was made, ſeem'd frozen to the depth of eight 
or ten inches. (5.) Upon enquiry, I find, that in the moſt frozen coun- 
tries, a congealing degree of cold penetrates the earth and ſea, no- 
thing near ſo deep as is uſually imagin'd. A traveller aſſured me, that 
in a garden at Moſcow, he found the ground, in a hard ſeaſon, to be 
frozen, but little above two feet below the ſurface; and the utmoſt 
effect that Capt. James mentions the cold to have had upon the 
ground in Charlton ifland, was to freeze it ten feet deep: whence may 


appear 
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appear the different degrees of cold, of that iſland and Ruſſia. And Prvs1cs.. 
as to the freezing of the water there, he tells us, © it does not natu- = 


& rally congeal above the depth of ſix feet, the reſt being by accident; 
te tho' ice may be ſeen here fix fathom thick: this we found by dig- 
& ging the ice out of our ſup; and by digging to our anchor before 
& the ice broke up.” The ſame gentleman alſo obſerved, that the 
ſalt water was not here much above half fo the frozen as the 
earth : but freſh water has a much greater diſpoſition to freeze, than 


that of the ſea. 
| XVII. 


1. In examining whether cold may be propagated thro? all mediums, Experiments 


univerſally, regard muſt be had to the particular medium wherein the 
experiment is made ; for if it have too great a thickneſs, we may mi- 
ſtake by imputing to the nature of the medium, what is really ow- 


on the dif- 
ercnt medi- 
ume, thro 


which cold 


ing to the diſtance, between the agent and patient. Thus mixtures of „ ze difs- 
ice and ſnow will operate only at a very ſmall diſtance, tho* the me- fuſed. 


dium reſiſt no more than common air. 

2. Upon placing a large quantity of the mixtures of ice and ſnow 
in pipkins glazed within-ſide, and in white baſons, glazed both with- 
in and without; the external ſurfaces of both were cruſted over with 
ice, tho' the thickneſs alone of the veſſels ſeem'd to be the utmoſt 
limits of the freezing power. 

3. By the experiments formerly mention'd, as to freezing water in 
pewter veſſels, it appears, that cold is able to operate thro” them. 


4. This receives farther confirmation, from the making of drinking 
cups of ice; the method whereof is, to take a cup made of plated iron, 


and tinn'd over on both ſides, of any aſſignable ſize ; and of the fame 


materials, a leſs of the ſame figure to go within-ſide the former, ſo as to 


leave a competent ſpace betwixt the whole internal ſurface of the larger, 
and external one of the ſmaller; the latter cup hanging free, by its 


rim upon the edge of the former, and at a conſiderable diſtance from 
its bottom. The interval between the two cups being fill'd with wa- 


ter, and the cavity of the internal one with a mixture of ice and 


ſalt, and the external ſurface ſurrounded with the ſame mixture, the 
water is hereby quickly frozen; when, the parts of the mould being - 
disjoin'd, the icy cup is made. To prevent the ice from adhering to- 
the mould, we ſometimes anointed the latter with ſome unctuous ma- 
terial; but the beſt way we found, tho' it made the cup leſs dura- 


ble, was to thaw its ſurfaces, gently, by heat. 


5. Bartholine mentions an experiment to turn air, as he calls it, in- 
to water, in a hot ſeaſon ; by placing ſome ſnow or ice in a funnel, . 
to condenſe the watery particles, floating in the air, and cauſe it to 


trickle down the ſides thereof. However, upon trial with large and 


thick glaſs funnels, containing a mixture of ice: and, falt, we were 
able 
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Pnxsics. able to obtain only an inconſiderable quantity of water, which di- 
iſtilled from the ice, formed on the outſide of the glaſs, only whilſt 


the mixture was diſſolving. 

6. That a mixture of . and falt, included in glaſſes hermeti- 
cally ſealed, condenſes the vapour of the air on the outſide thereof, 
we have already ſeen; from whence *tis manifeſt, that the compact 
body of glaſs is pervious to cold: nor can the air be here ſup— 
poſed the medium that conveys it; however, we thought it proper 
— try, whether cold be convey'd thro* a vacuum, as tis uſually 
call'd. | 

7. A ſmall tube, ſealed at one end, and almoſt filld with water, 
being put into a convenient receiver, which we, firſt thoroughly ex- 
| hauſted by the air-pump, and then ſurrounded with a mixture of ice 
and falt, to the height whereat the water ſtood in the ſmall pipe, 
that water was, at length, tho' flowly, frozen from the top to the 
bottom, into odd kind of flakes, without any conſiderable number 
of bubbles appearing therein. : 

8. That cold will act thro' a medium ſenſibly and continually hot, 
appears from drinking a large quantity of cold water; which will 
manifeſt its chillineſs thro* the integuments of the abdomen; as I 
have obſerved in myſelf upon drinking the mineral waters of Tun- 
bridge : and this was, in a vehement degree, experienced by a gentle- 
man, who drank them in a larger quantity at the ſame time. 

9. Having with water filld a glaſs bubble, whoſe magnitude 
equall'd that of a walnut, its figure reſembling that of a pear, and 
whoſe ſtem was crooked ; we ſuſpended it by a thread, the upper 
end whereof pals'd thro' a flit in a cork, and was there faſten'd, 


in a wide-mouthed glaſs filled with common oil of turpentine, 


and cover'd with ice and falt, and cloſed with the cork: thus we 
left all for three hours; at the end of which time, tho* the oil re- 
main'd fluid, the water in the bubble was wholly frozen, and the 
bubble itſelf crack'd ſo, that only a ſmall part of it came up with the 
thread; the ice wherein appear d deeply cleft from the turface to- 
wards the centre, into two pieces eaſily ſeparable; as if a pear had 
been cut along from its ſtalk thro' the core: and leaving them in 
the ſame fluid and veſſel, with ſome thawing ice and falt about it, 
for fourteen or fifteen hours, they were not conſiderably waſted. And, 
by the way, along with this bubble, we expoſed in the ſame man- 
ner, a glaſs-egg, whoſe ball, and a little part of its ſtem, was filled 
with ſome of the ſame oil of turpentine, which, thus ſoon ſubſided 
about half an inch; whence it deſerves to be conſider'd, why, if cold 
be cauſed by admiſſion of actual particles, they ſhou'd contract the 
oil without being able to freeze it, and freeze the water without con- 
tracting, but expanding the ſame. 


10. After 


| an 
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10. After the manner lately deſcribed, we ſuſpended a ſmall glaſs 
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bubble fill'd with water, and hermetically ſealed, in a glafs of ſpirit WJ 


of wine, and expoſed them to the air of a cold night, whereby the 
water was congealed, tho the ſpirit continued its natural fluidity. 
But another bubble ot water ſuſpended in common brine, at the ſame 
time with the former, was no more frozen than the brine itſelf, that 
is, not at all. The ſame ſucceſs, allo, attended the repetition of this 
experiment twice; however, upon a fourth trial, we tound the bub- 
ble burſt, within two hours after it had been expoſed in a mixture of 
ice and falt, with ice adhering to the upper part of the bubble, whilſt 
the other was crack d, in lines that run from a point. And more 
ice, we ſuppoſed, wou'd have appear'd, had it not been diſſolved by 
the ſalt water, getting in at thele cracks. 

11. We filld a ſmall glaſs-bubble with fair water, ſealed it herme- 
tically, and ſuſpended it in the middle of a large empty wide-mouth'd 
glaſs well ftop'd; then expoſing it to a ſufficient degree of cold, we 
tound that the water froze, and crack'd the bubble, without the in- 
tervention of any viſible liquor. 


XVIII. 


1. We are inform'd, that to the inhabitants of ſome parts of the Experiments 
Eaſt-Indies, it has appear'd a thing incredible, that the fluid body of #n obſcrva- 


water ſhou'd, in a few hours time, be naturally converted into a ſo- 
lid. This, thro' its commonneſs, appears little aſtoniſhing to us; how- 
ever the degrees of coheſion in the parts of ice, have not been ſet- 
tled ; nor perhaps can we arrive any higher than a bare conjecture in 
this particular: for different degrees of cold, may poſſibly give dif- 
ferent degrees of compaCttneſs thereto; and accordingly, I have been 
aſſured, that the ice in Ruſſia, is much harder than in England. 

2. I have had thoughts of ſeveral methods to eſtimate the coheſi- 
on of the parts of ice; and purſued the matter far enough to ſatisfy 
myſelf, that its ability to ſupport a weight is ſurprizingly great, conſi- 
dering that common knives will eaſily cut it. 

3. We placed a piece of ice, three inches long, three broad, and leſs 
than 4 inch thick, croſs-wiſe on a frame; ſo that the two parts where- 
on the ice reſted, were diſtant near three inches from each other ; 
then fixing a ſcale to an iron hook, we hung it in the middle of the 
ice, and lay'd weights thereon, till the hook, whoſe part that reſted 
on the ice was ; inch, forced itſelf downwards, and, at length, the ice 
broke, the hook having firſt deſcended half thro' the ice at one end, 
and a third part thro it at the other, of the inciſion. The weight 


applied was ſeventeen pounds averdupoize, and one hundred ſeventeen 


ounces troy. 
4- This experiment we repeated with a piece of ice 2 Hlunches 
broad, and 4 inch thick, placed in the frame at the diſtance above-men- 
Vol. I. Mmmm tion'd ; 


tient 108 ice. 
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ParsIcs. tion d; but the weight required to break it, was ſeventeen pounds 
A averdupoize, and forty eight ounces troy. The horizontal part of the 


hook had, however, cut more than ; thro” the ice at one end, and 
nearly half thro' at the other. 

5. We have found, that by ſtrewing bay-ſalt upon thin plates of 
ice, placed on a flat board, the ice wou'd, in ſome meaſure, be dil. 
ſolved, and afterwards ſo ſtrongly frozen to the board, that we were 
obliged to beat it off piece-meal, with an iron inſtrument, if we wou'd 
disjoin them; nay, the parts of ice adhered ſo firmly in the pores of 
wood, that ſome of them, notwithſtanding this force, ſtill continued 
unmoved. 

6. Having thrown a conſiderable quantity of ſalt upon ſome ſolid 

ieces of ice, there was ſuddenly produced a ſmall crackling noiſe; 
and for a conſiderable time after, there manifeſtly aſcended a large 
white ſteam, or thick ſmoke therefrom. 

7. Upon pouring Agua fortis on cakes of ice, wherein was abundance 
of bubbles, it preſently penetrated thro them with a conſiderable 
noiſe, that ſeem'd to be the cracking of the ice, whilſt the liquor 
underneath it, might be taſted maniteſtly ſour. Oil of vitriol, alſo, 
afforded the ſame phenomena, but in a much greater degree, yet with- 
out ſeeming to crack the ice it paſſed thro'; ſo that if only a few 
drops hereof were let fall, it immediately ſhew'd itſelf exceeding cor- 
roſive on the oppoſite ſide of the ice: and this we found it wou'd 
do chro' three plates of ice, lay'd one upon another, each whereof 
was about + inch in thickneſs. 

8. Decoctions of ſage, roſemary and parfley, being ſeverally expoſed, 
in ſmall earthen pipkins, to freeze, they were totally converted into ice, 
wherein appear'd no reſemblance of the reſpettive plants; only that 
afforded by the decottion of ſage, had a very uneven ſurface, and far 
more rugged than the other two, which were neither of them ſmooth ; 
and all of them, but particularly the decoftion of ſage, yielded a ſof- 
ter ice than the common. 

9. Some freſh lemmon juice, froze in a wide-mouthed glaſs, afforded 
an ice very odly figured, eſpecially in one part, where it finely repre- 
ſented naked trees. 

10. Snow-water ſet to freeze in ice and falt, afforded pretty figures 
in its congelation, with bubbles produced therein, ſo minute, that the 
whole maſs of ice remain'd very tranſparent. 

T1. Upon mixing a large quantity of ice in groſs powder, with 
ſome whole bay falt, and ſtirring them together, a viſible fume over- 
{ſpread the containing veſſel, like a fog; and when riſen above its 
brim, fell down again in ſtreams: theſe fumes alſo play'd in great 
plenty upon the ſurface of the mixture, as a miſt upon a pond, be- 
ing ſome of them unable to rife higher. The phenomenon continued 
for à long time, tho' I cou'd not be poſitive, that theſe fumes 43 

| | Cco1Q ; 
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cold; however, a thermometer applied to them, ſeem'd to ſubſide a Puxsics. 
LV NS 


little. | 
12. Olaus Magnus tells us, © that the ice in the cold northern cli- 


« mates, about the beginning and middle of winter, has its coheſion 
ce of parts ſo ſtrong, that at the thickneſs of two inches, it will ſup- 
te port a man; at the thicknels of three, an armed dragoon; at that 
« of fourteen, a company or band of ſoldiers; and, laitly, that if it 
« be a yard thick, an army, of ten thouſand men, may march there- 
cc on.” This indeed, is no accurate way of meaſuring the coheſive 
force of ice; becauſe the diſtance of the part that ſupports the weight, 
from the ſhoar, is not here regarded, tho' the remoter parts of the 
ice reſt hereon; for the ice being conſider'd as a lever, the place of 
the weight upon it, muſt, by all means, be determined ; ſince the ice 
may reſiſt a conſiderable preſſure near the banks, tho* but a very 
ſmall one near the middle of a frozen river. However, tis plain from 
this general obſervation, that the ice of a river, at ſuch a particular 
thickneſs, will in any part of it, ſuſtain the reſpective weights above- 
mention'd ; and therefore, even at a point, the fartheſt removed from 
the prop of the lever; which ſhews an immenſe force of coheſion in 
ice. 
13. I proceed to the obſervations of travellers and ſailors, made 
upon ice. Capt. Weymouth tells us, that, in his voyage to diſcover 
the north-weft paſſage, he found ice almoſt as hard as a rock. 
He relates farther, “that finding ſome pieces broken off from an 
cc jſland of ice, they afforded very good freſh water.” An old fea 
captain, who had often failed into the frigid zone, aſſured me, that 
when his ſhip had been immured with ice, ſo that no falt-water 
cou'd be come at, he made wells in thick pieces of ice to receive 
the liquor that thaw'd therein, which he found, tho' on the main 
ſea, to be good, freſh, potable water, and fit for all neceſſary uſes, 
ſo that he never fear'd the want of ſuch water there. There's a 
poſſibility, however, that this ice, which affords freſh water in the ſea, 
is congealed ſnow, (not the ſalt- water frozen) that lies upon the ſur- 
face, and adds to the height of the ice underneath ; *tis alſo poſſible, 
that ſuch ice may have come from rivers that diſcharge themſelves 
into the ſea, as thoſe vaſt quantities obſerved about Nova Zembla, 
and the ftreights of Weigats are allow'd to deſcend from the great 
rivers Oby, Feneſce, &c. and this carries the greater poſſibility, becauie 
the main ſea is ſeldom or never frozen. 
14. The next thing I ſhall conſider is, the magnitude of ſingle por- 
tions of ice. The old ſea captain above-mention'd told me, he ſeve- 
ral times faſten'd his ſhip to maſſes of ice, that reach'd thirty fathom 
under water ; and that * once lay aſide of a piece that reſted on 
ground in fifty fathom water. None of theſe, he ſaid, roſe with their 
heads very high above the ſeas ſurface; he thought not much more than 
Mm mm 2 a tenth 
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Pursics. a tenth part of their whole length; and that ſnow, ſucceſſively falling 
LA thereon, depreſs'd them fo low; which often melting within two or 


three days, wou'd ſubſide to a third or fourth part of its former 
height, and become ſolid ice. Capt. James tells us, he one day 
failed by an icy mountain of a height incredibly greater than what 
we lately obſerved from him, to be taller than his main-maſt. 
But the famous ſailor Mr. Bafin ſays, © on the ſeventeenth of 
„May, we ſailed by many great iſlands of ice, that were above two 
* hundred feet high above water; and one in particular, that I mea- 
* ſured to be two hundred and forty feet; whence if only ; of the 
« ice be extant above the ſurface of the ſea, this piece of ice muſt 
4 have been one hundred forty fathom long; and this proportion, l 
« have known to hold in ſome ice; but I don't affirm it in all.” 
Capt. James obſerved ſome flat pieces of ice, to meaſure one thouſand 
of his paces in length. | | 

15. Of compounded portions of ice, I find the following accounts. 
Mr. Hal, in his voyage to diſcover Greenland, tells us, he met with an 
huge bank of ice twenty four miles long. Another Engliſh ſailor relates, 
that, even in June, the ſea where he lay, was cover'd with ice, as 
4 far as he cou'd diſcern all around him, from a conſiderable emi- 
<* nence, except within a quarter of a mile from the ſhoar.” Whence 
that vaſt extent of ice ſhou'd appear as one floating iſland. The 
French hydregrapher Fournier, relates, © that their fleet ſailing to Ca- 
* nada, in the year 1635, met with ſeveral maſſes of ice, as high as 
6 ſteeples; and in particular, one or two, in ſome places being flat, 
and in others, riſing up in frightful hills, along which they coaſt- 
ed, for above forty, or even eighty leagues together; and here, 
© ſays he,” are often, in the month of Auguſt, ſeen floating pieces of ice 
much larger than ſhips.” Olaus Magnus aſſures us, © that battles 
© are fought as well upon the ice of the northern ſeas, where, during 
* the ſummer, fleets uſually engage, as upon ſolid champaign ground; 
* let the contending armies, with all their artillery, be drawn up ever 
© 10 cloſe together.” And 'tis a common thing in the more northern 


nations to take large journeys, with heavy carriages, over the vaſt 


plains of ice. Tis well known alſo, that the whole Swediſh army late- 
ly marched over the frozen ſea to the iſland of Zealand. Nay, even 
in the eaftern regions, the ſea itſelf has been congealed to a prodigi- 
ous breadth, © Manaſſes, in his annals,” ſays Bartholine, © relates it as an 
« extraordinary thing, that in the reign of Theophilus, there happen'd 
«. ſo hard a winter, that it there froze the ſea into ice, to a vaſt thick- 
<« neſs, and a ſtony hardneſs.” And according to Glycas, © in the year. 
« 775, the ſea was frozen along the mediterranean coaſts, to the di- 
ec ſtance of fifty leagues, into ice as hard as a rock, and to the depth. 
« of thirty cubits; at which time, alſo; there fell ſo large a quantity 
« of ſnow, that added thirty. cubits to the height of the ice,” 1 
| 16. We 
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16, We come now to miſcellaneous obſervations upon ice. The Dutch, Pars1cs.- 
in their famous voyage to Nova Zembla, obſerved ſome peculiarities 
in a huge piece of ice, under which they ſhelter'd themielves from 
ſtormy winds; they tell us, it was cover'd on the top with earth; 
that they found forty eggs thereon; that its colour was a pertect 
azure ; whence ſome of their crew affirm'd it to be frozen land; for 
it lay ten fathom high above the water, and deſcended eightcen fa- 
thom under it, that is, quite to the bottom. This colour in ice has 
been alſo obſerved by Capt. James; ſo that perhaps Virgil might not 
ſpeak improperly, when he gave the epithet blue, to the ice of the 
frigid zone. Tis very conſiderable, if true, what Olaus Magnus ſays, 
© that when, towards the beginning of April, the ice begins to thaw, 
« *tis very unſafe to venture upon it, unleſs in a morning; for the 
« heat of the fun renders it ſo brittle, that tho' it lately ſupport- 
« ed armed dragoons, a naked man can now ſcarce walk upon it.” 
He adds, “that when the ice breaks, it makes a very loud and 
« dreadful noiſe, like that of thunder, or an earth-quake ; but eſpe- 
ce cially, if it happens in the night.” And to this particular, Mr. Hall 
agrees, who tells us, that,“ as they fteer'd by a huge, and high iſland 
© of ice, there fell a piece from the top thereof, with a report equal to 
« that of five eanons ; and that about twelve of the clock one night, 
© they were ſuddenly compaſs'd round with great iſlands of ice, that 
© made a moſt ſurprizing hideous noiſe.” There are many concuring 
teſtimonies given of this noiſe occaſion'd by ice, tho? it ſometimes - 
ſeems to proceed from the daſhing of the pieces one againſt another; 
but if it happens at the time the ice appears to cleave ſpontaneouſly, 
it ſeems difficult to aſſign its cauſe. Olaus Magnus, indeed, with ſome - 
probability, aſſigns it to the warm exhalations of the earth; and 
agreeably hereto, I remember, that ſome pieces of thick ice being 
brought out of a cool place into a warm room, made a ſmall crackling 
noiſe. I am informed, however, by a native of Poland, that great 
cracks and loud frightful noiſes, happen as well by the action of ex- 
ceſſive cold, as a thawing heat upon the ice. And indeed, we ſome- 
times obſerve the ground to be cleft in very violent froſty: weather. 
The old ſex captain, whoſe teſtimony I have twice uſed already, re- 
marks, that large tracts of ice have a power to deaden the wind; 
for that having been diftreſs'd by ſtormy weather, and driven near 
huge ſhoals thereof, he had unexpectedly found a calm, to his great- 
ſarprize ; and ſeveral times failing from the ice upon -a-fmooth.ſea, . 
he has met a ſtorm at ſome diftance from the ſame. He adds, 
that a Dutch ſailor, who frequented the northern ſeas, aſſured him 
of having ſeveral times obſerved. the like wonderful property of the 
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Paysrcs. 


A XIX. 


1 th 'Tis generally thought there are liquors potentially hot, wherein 
and ebſerosti- ice will ſooner diſſolve than in water. To bring this to the teſt of 


ont upon th . n . 
1 of ice experiment, we attempted to freeze water in bullet-moulds, that we 


and nom, and Might gain pieces of ice exactly of the ſame magnitude; but not be- 
the deftruZiom ing able to procure any moulds, whoſe cavities were of equal dimen- 


74 . af ſions, we ſubſtituted a glaſs tube in their ſtead; wherein having 


liquers. 


frozen ſome water into a cylinder of ice, we divided it exactly into 
equal portions. Theſe pieces we ſeverally put into different liquors 
at the lame time, whilſt exact notice was taken, by means of a ſecond 
pendulum, furniſhed with an index, and a divided dial-plate, how long 
they were in diſſolving. 

Two ſets of our experiments, were made with cylinders of ice an 
inch long, and about half an inch in diameter, wherein we obſerved 


as follows. 
In U — | diſſolved Nas minutes. 
Oil of turpentine 2 as 
Air 84 
\ Spirit of wine hel how 13 
In Oil of turpentine diſſolved pr minutes, 
Air 152 


2. We moreover thought it worth trying, what diſference there 
wou'd be in the duration of pieces of ice of the ſame bulk and 
figure, ſome whereof were made from water, others from wine, milk, 
oil, urine, &c. when expoſed to thaw in the air, or other fluids; and 
alſo whether motion wou'd impart heat to ice, by rubbing two picces 

thereof one againſt the other: and indeed, I found ſuch an attri- 
tion haſten the diſſolution in that part of a plate of ice, which ſu- 
ſtain'd it. 
3. And, by the way, upon throwing ice into a certain cold liquor, 
it has preſently diſſolved, and produced a great degree of heat. 

4. The effects of cold do not always depend upon the actual preſence 
of its manifeſt efficients; for when theſe have once brought a diſpoſed 
ſubject to a ſtate of congelation, it will, ſometimes, continue therein, 
tho” the operation ceaſes. And, we frequently ſee that when a certain 
texture is produced in a body, it remains there till ſome other agent 
over- powers and removes it. Tho' ice and ſnow may ſeem to melt away 

of 
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of themſelves upon the ceſſation of froſty weather, yet the cauſe of their Pursics. 
diſſolution appears to be the action of the air upon them, that is heat . 


ed by the ſun's rays, or ſome warm exhalations from the earth; and, 
accordingly, we ſee that great compacted maſſes of them, will, above 

round, remain long undiſſolved, when the Warm air has not free ad- 
miſſion into the pores thereof; but if cloſe piled up in proper reſerva- 
tories below the. ſurface of the earth, they may be preſerved for a 
{till longer time. * 

The method of making reſervatories, and preſerving ſnow in Italy, take 
as follows, from Mr. Evelin. The ſnow-pits in Italy are ſunk in the 
ce moſt ſolitary places, and uſually at the foot of a hill, to protect them 


ce from the ſun, fifty feet deep, in form of an inverted truncate cone, 


cc with their mouth, twenty five in diameter. The ſides of the 


ce pit are ſo joiced that the boards may be nailed very cloſe thereon. . 
About a yard from the bottom is fixed a ſtrong frame, upon which 


(c 
ce is placed a kind of a wooden grate. The cover of the mouth is double 
© thatched, with reed or ſtraw, upon a copped roof, on one ſide where- 
ce of, appears a thatched narrow door-cale ; hipped on like the top 
ce of a dormer, which compleats the whole. To preſerve their ſnow 
ce herein, they lay clean ſtraw upon the grate, to prevent its running thro? 
ce whilſt they beat it to a hard icy cake near a foot thick; upon which 
ce a layer of ſtraw being laid, they place more ſnow thereon, and a ſtraw 
ce upon this; and thus continue layer upon layer, till the pit be filled: 


ce when they cover the whole, thick, with ſtraw or reed, and ſhut the 


« door. The grate is contrived to drain off the liquor that might 
ce run from the ſnow, if by accident any ſhould melt, which would, 
cc otherwiſe, haſten the diſſolution of the reſt ; and upon this account 


the bottom is but {lightly ſteen d. The curious preſerve a circle. of 


© tall, ſhady trees, about the mouth of the pit.” 


5. The Dutch relate, that in their Nova Zembla voyage, tho? the 


weather proved fair and ſun-ſhiny, yet the heat was not ſtrong enough. 
to melt the ſnow on the twenty third of June. Nay, in warmer climates, 


ſnow will remain, during the whole ſummer ſeaſon, undiffolved upon 
the tops of high mountains. And Captain James ſays, that © in Fuly - 
ce and the beginning of Auguſt, we expoſed ſome pieces of ice, that 


© mealured two feet ſquare, to the heat of the ſun in the ſhip's boat; 


« whereon the rays played ſtrongly ; yet, notwithitanding that, and 


ce the warmth of the ſhip, wherein we kept a large fire, they lay eight 
ce or ten days before they would melt.” He farther obſerves, that“ the 


cc ground continued frozen till June, tho the weather was then hot upon 
ce the ſhoar.” The ſame perſon alſo relates, that a but of wine, which 
ſtood all the winter upon deck, continued firm frozen till the month of 


May. 


* *Tis a remarkable obſervation of M.] much ſooner in Yatuo; than in open air. 
Homberg, that ice in ſummer diſſolves Hf. de I Academ. A. 1708. p. 26. 
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HYSICS xx. 


Confiderations 1. The diſpute about the Primum Frigidum is become famous among 

and erperi- naturaliſts; ſome contengjng it is the earth, others the air, a1d ſome of 

— ck 0. be the moderns, that it is nitre; but all ſeem to agree that there is ſome 

Frigidum, Particular body ſuperlatively cold in its own nature, by partaking whereof, 
all other cold bodies obtain that quality. ; 

2. But, in my opinion, before men had ſo deeply engaged in this diſ- 
pute, they ſhould have enquired whether there were any ſuch thing as 
a Primum Frigidum; for tho I will not reſolutely deny its exiſtence, yer, 
I think it may well be queſtioned, and that upon ſeveral accounts. 

And firſt, it is very diſputable, whether cold be a poſitive quality, 
or a bare privation of heat; and till this queſtion can be determined, 
it muſt ſeem improper to enquire which is the Primum Frigidum. 

'Tis, indeed, generally taken for granted, that heat, moiſture, dryneſs, 
gravity, &c. have each of them a principal ſubjett to reſide in, yet this 
ſeems to be only a groundleſs fancy; for there are many qualities, as gravity, 

figure, motion, colour, ſound, &c. of which no true and genuine pri- 
mary ſubject is aſſignable: and ſince heat and cold are look'd upon as qua- 
lities diametrically oppoſite, it will be very hard to ſhew that there is a 
Teo1y Jxx|ix8y, of the former; ſince ſtones, metals, plants, animals, and 
almoſt all ſolid bodies, will, by motion, become hot. 

Among the bodies generally alledged for this purpoſe, there is not 
one that ſeems to deſerve the title of Primum Frigidum. Plutarch ſup- 
Poſes the earth to be the Primum Frigidum; yet we ſee the carth is fro- 
zen not by its own cold, but thro' its vicinity to the air; for the con- 
gealing cold, even in the midſt of winter, affects only its ſurface where 
it borders on the air, and ſeldom penetrates above a few feet in- 
to its ſubſtance; and, therefore, if the earth be any way protected from 
the air, it will remain unfrozen all the winter long; as may appear 
from that remarkable practice in the great ſalt-marſhes of the French 
Illands of Maintonge, where, when the ſeaſon of coagulating ſalt by the 
heat of the ſun is paſt, the owners, by opening certain ſluices, over- 
flow all the banks and dams that divide the falt-ponds ; for if they 
left their works uncovered, the froſt would make a great havock a- 
mong them. | 

Beſides, the earth, upon this ſuppoſition, being the coldeſt, as it 
is the: heavieſt and moſt ſolid of the elements, it is improbable that 
thoſe exceſſively cold agents, that freeze the clouds into ſnow and hail, 
ſhould be terreſtrial exhalations. And *tis not eaſy to fay, why, if ele- 
mentary corpuſcles, ſteaming from the earth, have ſuch a congealing 
power where they are diſunited, and barely interſperſed among the 
—— of air, the maſs of the earth it ſelf, from whence thoſe ex- 

lations are ſuppoſed to proceed, ſhould not be able alſo to freeze 
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Another argument againſt the earth's be'ng the Primum Frigidum, may Pursics. 
be taken from the ſubterraneal fires which break out in many places of CPS/RJ 
the earth; from whence ſome would ſhew, the earth to be, naturally, 
neither hot nor cold. And even where there appear no manifeſt 
ſigns of theſe fires, perſons, whodeſcend to the bottom of deep mines, 
have complained that a very little exerciſe would put them into a violent 
ſweat : and the learned M. de Claves, who hath written of precious ſtones, 
affirms, that in ſuch mines, the ſubterraneal vapours are ſo thick and 
hot, that the miners are obliged to work in their ſhirts. I am not, 
however, ſatisfied, that thoſe deep places would have appeared as hot, 
when .judged of by a ſcaled weather-glaſs, as they did to the miners 
bodies; tho” the poſſeſſor of a lead mine aſſured me, he did not uſually find 
any difficulty of breathing therein, notwithſtanding the ſame diſpoſition 
to ſweat ; and others, allo, have not complained of having their reſpira- 
tion incommoded in ſuch places, unleſs by accidental damps: and the 
author lately mention'd, expreſly affirms, that the ſame effect is ob- 
ſerved, in the bowels of the earth, as well in ſummer as in winter. 
Beſides, tis generally found, that very deep wells and ſprings freeze 
not ; but the water often comes up ſmoaking from thence : which ar- 
gues that, at leaſt, the earth wherein it lay, or thro* which it paſs'd, 
was free from ſuch a degree of cold, as might be expected if the 
earth were the Primum Frigidum. Nor can it be reaſonably pretended, 
that the ſubterraneal heat, proceeds from the rays of the fun; ſince 
they heat not the earth above ſix or ſeven feet deep, even in ſou- 
thern countries. And if the lower part of the earth were, of its own 
nature, cold, and receiv'd the heat it affords, only from the ſun and 
ſtars ; the deeper men deſcend therein, the leſs degree of heat and 
teams they would meet with; which is contrary to our French author's 
obſervation. 

Morinus, another French author, who had the curioſity to deſcend 
himſelf into the mines of Hungary, ſome of which are three or four 
hundred fathom deep, relates, that after he had deſcended about an hun- 
dred fathom, he came into a very warm region of the earth, which 
laſted to the bottom of the mine; and is ſo hot, both in winter and 
ſummer, that the labourers uſually work therein without their clothes: 
he adds, that himſelf was ſcarce able to bear the heat, tho” 
the external air was very hot; it being fair weather, and in the 
month of July. And he farther declares, he was told by the over- 
ſeers, that, *twas univerſal, the lower they delcend, beyond a hundred 
fathom, the hotter it grows. But having, my elf, been to the bot- 
tom of ſome mines, I ſuſpet, that this degree of heat, oblerv'd in 
the Hungarian mines, might, in great part, proceed from the pecu- 
liar nature of the place, or of the minerals generated there; and not 
wholly from their vaſt depth beneath the ſurface of the earth. For, 
ſeveral mixtures of bodies, not actually hot, will produce a conſiderable 
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pursics. degree of heat. And very credible eye-witneſſes have affirmed, that, in 
ſome parts of England, they dig up large quantities of a kind of mineral, 


ſuppoled to be vitriolic, which, by the bare addition of common water, 
will grow ſo hot as almoſt to take fire. So that the Hungarian mines being 
deep, and not deſtitute of water, it may be ſuſpected, that either this 
fluid, or ſome peculiar mineral ſpirit, or juice, may, with the mineral, 
produce a warm ſteam, which, for want of ſufficient vent, in thoſe 
cloſe places, yield a conſiderable heat. And this conjetture may 
be countenanced by three circumſtances, which I take notice of in our 
authors narrative. For firſt, the ſmoke that plentifully aſcended out 
of the mine, thro' the perpendicular groove, conſiſted of fetid exhala- 
tions, which were ſo ſaline and fretting, as frequently to corrode and 
{ſpoil the wooden ladders, and the iron inſtruments of the diggers. 
Secondly, the overſeers of the mines told Morinus, that they, in ſome 
places, met with veins of hot minerals, which augmented the heat 
of the place. And laſtly, as our author deſcended into the gold-mine 
at Cremnitz, he found in one place, the heat to increaſe gradually, 
and, at length, to exceed what he had met with in any other mine; 
and afterwards, coming into a ſpacious room, that abounded with 
ſmaragdine vitriol, from whence this heat proceeded, he found, beſides 
a ſharp ſpirit, very offenſive to his throat, a heat that made him 
ready to faint away with ſweating. And, elſewhere, the ſame author 
remarks, that ſuch hot mines of vitriol, or ſulphur, may be found, 
even near the ſurface of the earth, and diffuſe a heat all around, 
to a very great diſtance. 

But if it be objected, that this ſubterraneal heat is adventitious to 
the earth, which remains ſuperlatively cold of its own nature; it may 
be reply'd, tis ſomewhat ſtrange, that nature ſhould have in- 
tended the earth for the Summum Frigidum, and yet a great part there- 
of be conſtantly kept warm, either by the ſun, as under the torrid zone, 
or by ſubterraneal fires. 

But if it be pretended, that when the earth is ſaid to be the Primun 
Frigidum, not the elementary earth, but ſome body mixed with it, is 
thereby meant, I defire to know which of the many bodies that make 
up the terreſtrial globe, muſt be fixed upon for this purpoſe, that 
we may examine its claim; in the mean time, I conclude, that the 
earth has none ſuch; fince, upon this ſuppoſition, a colder body, than 
that is allowed to be, gives it the greateſt degrees of coldneſs it can 
poſſeſs. I muſt, however, diſſent from the learned Gaſſendus, in thinking 
the earth to be naturally no more cold than hot. For its inſenſible 
parts, like thoſe of other firm bodies, being heavy, and perhaps groſs, 
and either having no conftant motion, or, at leaſt, a far more gentle 
ene than our organs of ſenſe; it ſhould follow, that the earth muſt 
ſeem cold to us, vnleſs it be, ſome way or other, put into an unna- 
tural degree of agitation: and, for. the like reaſon. it's not 1 
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that pure earth, ſhould, in its own natare, be colder either than pure Puvsics. 


water or pure air; ſince the earth being a ſolid body, its compo- = 


nent particles are at reſt among themſelves, or, at leaſt, mov'd with 
an almoſt infinite ſlowneſs ; whilſt water and air, being fluids, their 
component particles muſt be in a different, reſtleſs motion, and, con- 
ſequently hotter ; that is, in a ſtate wherein the various agitations of their 
more minute particles is more vehement. 

And if thoſe who plead for the earth in this caſe, had declared 
they mean not the pure or elementary earth, but part of the terreſ- 
trial globe, diſtinguiſhed from the ſea and other waters; and would alſo 
have earth, in this ſenſe, to be only the Summum Frigidum ; perhaps they 
might have a better plea for their opinion, 'than thoſe who contend 
for the water or the air; ſince the Dutch, who ſailed thrice to Nova 
Zembla, and once wintered there, affirm, that the higheſt degrees of 
cold, are not to be met with on the main ſea, which is moſt expoſed 
to the operation of the air and water, but either upon land or 
ſear it. | 

And Fournier tells us, that © in the year 1595, the Hollanders, being in- 
te tercepted by icy ſhoals, in the ſtreights of Meigate, and meeting with 
« ſome Muſcovites, were told by them, that neither the northern ſea, 
c nor that of Tartary, were ever froze, but only that ſtreight, and the 
e ſea contiguous to the ſhores of ſome bays and gulphs,” and our au- 
thor affirms, in general terms, that the main ſeas never freeze. 

On the contrary, I have been told, that in Siberia, a norchern pro- 
vince of Ruſſia, the ground is thaw'd, during the ſummer, only about 
two feet deep, whilſt it ſtill continues frozen below; tho', by the 
way, there, notwithſtanding, grows good corn on the ſurface. 

That water ſhould be the Primum Frigidum, is contrary to experi- 
ence. For, not to mention how very difficult it would be to prove 
that abundance of cold bodies, as gold, ſilver, cryſtal, ſuſible ſtones, 
&c. contain any water; nor to urge the arguments that ſome contenders 
for the ſuperlative coldneis of the air employ, I ſhall content my 
ſelf with this obvious phenomenon of cold, that in receptacles of 
water, congelation begins at the ſurface, where the fluid is expoſed 
to the immediate contact of the air. Now, this ſufficiently argues 
that the air is colder than the water; ſince it is able not only ſenſibly 


to refrigerate, but deprive it of its fluidity ; whilſt, if the water it ſelf 


were the Primum Frigidum, it either ought to be always congealed, or 
we may juſtly demand why the glaciation thereof, ſhould not begin in 
the middle, or at the bottom, as ſoon as at the top. 

'Tis a received tradition, indeed, among, the water-men, and ſome 
others, that the rivers and ponds, allo, are frozen, firſt at the bot- 
tom, aud begin to thaw there. But, tis evident, that in water expoſed 
to freeze, in large veſſels, the congelation begins at the upper ſurface, 
and thence, as the cold prevails, the ice increaſes and thickens down- 
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Paysics. Wards; and for this reaſon, frogs retire, in froſty weather, to the bottom of 
LvNy ditches, whence I have taken many of them, very brisk and vigorous, 


from under the thick ice that covered the water : and I have been 
inform'd, by an obſerving perſon, that, at leaſt, in ſome places, *tis 
uſual, in winter, for ſhoals of fiſh to retire to thoſe depths of the ſea, 
and rivers, where they are not to be found in ſummer. But if rivers were 
frozen firſt at the bottom, we muſt, very frequently, meet, in the 
emerging pieces of ice, the ſhapes of thoſe irregular cavities and pro- 
tuberances that are often ſeen in the uneven ſoils over which rivers 
take their courſe ; yet thoſe pieces of ice are generally flat, as if 
generated on the ſurface of the water. Moreover, if even deep ri- 
vers freeze firſt at the bottom, why ſhould not ſprings and wells 
freeze firſt at the hottom too? But that which deceives our water- 
men, is, they frequently obſerve flakes of ice aſcend from the bottom of 
rivers to the top, where, it often happens, that after a hard froſt 
has continued a while, theſe emerging pieces of ice, contribute greatly 
to the freezing over of rivers; for, coming in ſome of the narrower 
parts of them, to be ſtopped by the ſuperficial ice, that reaches on 
each fide of the river, far from the banks, towards the middle; thoſe 
flat icy bodies are eafily cemented by the violence of the cold, and, 
by means of the contiguous water, to one another; and ſo, by degrees, 
ſtreightning, and, at length, choaking up the paſſage, they ftop the 
other flakes of ice, that either emerging from the bottom, or looſ- 
ened from the banks of the river, are carried down the ftream to- 
wards them ; and thoſe being alſo, by the ſame cold, cemented to the 
reſt, the river is, at — quite frozen over. And the reaſon why 
ſo many flakes of ice come from the bottom of the river, ſeems to 
be, that, after the water has been frozen, all along, near the banks, 
either the warmth of the ſun, or ſome other accident, thawing 
the ground, or otherwiſe, looſening many pieces of ice, together with the 
earth ſtones, &c. whereto they adhere, from the more ftable parts of 
the banks, theſe heavy bodies carry down with them the ice wherein 
they lie; but then the water at the bottom of the river being warm, 
in compariſon of the air, in froſty weather, the ice, by degrees, is ſo 
diſſolved in thoſe parts, by which it held to the ſtones, earth, or other 
heavy bodies, that the remaining portion, being ſpecifically lighter than 
water, gets looſe, emerges, and, perhaps, carries up with . it ſtones 
and clodsof earth, that may yet ſtick thereto, or be incloſed therein ; 
the ſight whereof perſuades the water-men, that ſuch flakes of ice 
were generated at the bottom of the river; tho? a large piece of ice 
may buoy up and ſupport bodies, of that kind, of a great bigneſs, 
provided the ice and they together, exceed not the weight of an 
equal bulk of water. Thus Captain Fames Hall relates, that upon a 
large piece of ice in the ſea, they found a ſtone which they judg'd 
to be three hundred pound weight, 
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Beſides, the froſt is uſually hardeſt when the air is clear and freed from Pyygrcs. 
aqueous vapours ; but the cold is more remiſs in rainy weather. And 


to this we may add, what was lately obſerved of the perpetual fluidity 
of the main ſea, and of the overflowing the ſalt-works in France; from 
whence the water ſeems not diſpoſed to receive any very intenſe de- 
gree of cold at a conſiderable diftance from the air: for we formerly 
obſerved, that the congealing cold penetrates nothing near ſo deep as 
the thickneſs of ſome pieces of ice found in the ſea, might lead one 
to ſuſpett; theſe being only maſſes form'd of many flakes and frag- 
ments, which running upon or ſliding under one another, are, by the 
congelation of the intercepted water, cemented together into a bulk 
miſshapen and unweildy. Thus Captain James intorms us, that © it 
ce ſeldom rains in Charlton Iſland after the middle of September, but 
& ſhows : and the ſhow, © ſays he,” will not melt either on the ſhore 
© or ſands : when it ſnows at low-water, the ſands are all covered 
© over with it, which the half-tide carries off into the great bay; and 
cc every low water the ſands are left clear: thus it daily gathers, 
te till the latter end of October; and by that time, it renders the 
cc ſeas ſo cold, that as the ſnow falls, it lies on the water in flakes, 
ce without changing its colour; but as the winter comes on, it begins 
« to freeze upon the ſurface three inches, or more, in one night; 
& which being carried away by the half-tide, it meets with ſome ob- 
te ſtacle, and then runs upon it ſelf, ſo that in a few hours, it will 
© be five or ſix feet thick: the half-tide ſtill flowing, carries it off 
« ſo faſt, that by December, it is grown to an infinite quantity of ice.” 
And the famous Mr. Hudſon ſays, © there are prodigious ſhoals of 
&« ice in the ſea towards the pole; many ſounds and rivers being in 
« the lands of Nova Zembla and Newland to ingender it; beſides the 
cc coaft of Pecora, Ruſſia, Greenland, &c.“ 

I cannot, however, imagine, that water is indifferent as to heat 
and cold; for, bating the heat of the ſun, which is only adventitious 
where it operates, and which leaves many vaſt portions of water untouched ; 
the inſen{ible parts of that fluid are much leſs agitated than thoſe 
of our organs, and conſequently may, in regard thereto, be judged cold : 
for tho' water be allowed a various motion of its component parts, 
yet an agitation ſufficient for fluidity, is often much more flow than 
that of the ſpirits, blood, and other fluids of a human body. Thus, 
tho? urine continues fluid, after being long evacuated, yet its parts are 
far leſs agitated than when it came freſh out of the bladder. Nay, 
the whole body of the ſea is very cold at any conſiderable depth, as a 
profeſſed diver told me; and, particularly, he ſaid, that having occaſion 
once to deſcend about twelve or fourteen fathom deep near the nor- 
thern coaſt, tho? his engine very well ſupplied air for reſpiration, and 
tho? he felt no other inconveniencies, yet the cold was fo violent, 


that he could not bear it for above two or three hours. 1. have of- 
ten 
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Payscs, ten Wiſhed, indeed, that he had then been provided with a thermo- 
LAVA) meter, to ſhew whether the intenle cold he felt were real, or chietly 


regarded his body in that ſtate. But this is not the only perſon 
who has found the ſea exceeding cold; for Beguinus relates the lame 
thing from the mouth of an overſeer of the coral-fiſhery, in the king- 
dom of Tunis. And Joſephus Acoſta tells us © it is remarkable, that in 
« the depth of the occan, the water cannot be heated by the 
cc violence of the ſun, as in rivers. Nay, © ſays he, © as falt-petre, 
ec tho? it be of the nature of ſalt, hath the property to cool water, ſo 
cc we ſee, that, in ſome parts, ſalt-water hath the faculty of re- 
cc freſhing ; which we obſerved in that of Callao, where they put their 
ce wine into the ſea to cool it; whence it appears that the ocean may temper 
cc and moderate exceſſive heat; and upon this account “ adds he we 
ee feel greater heat at land, ceteris paribus, than at ſea; and find countries 
„ lying near the ſea to be cooler, than thoſe that are farther from 
ce it.” Upon the whole, it appears, that both in very cold and very 
hot regions, the deep parts of the ſea are very cold, the ſun-beams 
being unable to penetrate to any great depth therein; and accordingly 
the diver, lately mentioned, told me, he could not diſcern the light of 
the fun at any great diſtance from the ſurface of the water; but that 
as he gradually deſcended deeper, he found it grew darker, to ſuch 
a degree, as would ſcarce have been expected in ſo tranſparent a body 
as water. But this coldneſs of the ſea is not intenſe enough to en- 
title water to the appellation of the Primum Frigidum ; ſince divers have 
not found it ſufficiently cold to freeze the water at the bottom, as the 
air often does at the top. 

The next opinion we are to conſider, is that of thoſe, who ſuppoſe the 
air to be the Primum Frigidum. 

Now, not to mention that the air is often reckoned among the hot 
elements; that its heat is very great in the torrid Zone; nor that, ac- 
cording to the generality of philoſophers, the upper region, which 1s 
incomparably the greateſt part of it, always remains hot, and the lower 
region, alſo, in compariſon of the middle; I obſerve, that *tis not 
eaſie to ſhew how the great cold in the lower parts of the ſea, pro- 
ceeds from that of the air, whoſe operation ſeems not to reach very far 
beneath the ſurface of the water. For Captain James, who had very 
good opportunity to try it, allows not the froſt to penetrate above two 
yards perpendicularly downwards from the ſurface of the water, even 
in the coldeſt habitable regions. And this ſeems the more rational, 
by conſidering, that in caſe the coldneſs of the ſea proceeded conſtantly 
from the air, the cold would be greater near the ſurſace, where *tis 
contiguous to the air, than in the parts remote from it; and yet the 
contrary has been made appear already. | 

But if it be objected, that this proves no more than that the air is 
not the Primum Frigidum, and that it may till be the Summum 1 

i ecauſe 
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becauſe water begins to freeze at the top, where tis expoſed to the physics. 
air; to this vulgar experiment, I oppoſe that of mine, often, al yay 


ready, mention d; wherein, by an application of ſalt and ſnow, water 
comes to freeze from the bottom, or any ſide, at pleaſure; and that 
too, much ſooner than the air would, even in a ſharp froſty night. And 
when exceeding cold weather had reduced a parcel of air, purpoſely 
included in a convenient glaſs, to as great a degree of condenſation, 
as it poſſibly could; I have, by an external application, condenſed it 
much farther ; which argues that *tis not mere air, but ſome adventi- 
tious frigorific particles, ſometimes mingled therewith, that produce, or 
occaſion, the moſt remarkable degrees of cold. And thus, by a due ap- 
plication, water will be congealed, whether air touches the ſurface 
thereof or not; or tho bodies, which the air can neither penetrate 
nor congeal, interpoſe; as may appear by the experiments tormerly 
mentioned of freezing water included in glaſs-bubbles, and ſuſpended 
in oil of turpentine, &c. And it is, here, worth obſerving, by thoſe 
who ſuppoſe air to be the Primum Frigidum, becauſe water begins to 
freeze at the top, where 'tis contiguous to the air; that it is there, alſo, 
where the ice begins to thaw. 

Beſides the three opinions hitherto examined, there is a fourth, attri- 
buted to Gaſſendus, that deſerves to be ſeriouſly conſidered. This ſuppoſes 
the congelation of liquors, and the cold in air, water, &c. to proceed 
from nitrous particles, or exhalations, mixed therewith : but I cannot 
allow nitre to be the grand univerlal efficient of cold. *Tis true, 
ſalt- petre ſeems to be one of thoſe bodies that are endued with a re- 
frigerating power, and is plentifully diſperſed thro* ſeveral portions 
of the earth ; but, perhaps, there may be ſeveral other cauſes of cold, 
and ſeveral other bodies qualified for its efficients. 

And firſt, if cold be not a poſitive quality, but the abſence of heat, 
the removal of calorific agents will, in many caſes, ſuffice to produce 
cold, without the introduction of any nitrous particles into the body 
to be refrigerated. But becauſe 'tis diſputable, whether cold be a po- 
ſitive quality, or no, we urge this argument no farther, till that con- 
troverſy be decided. 

Secondly, I ſee no reaſon why the great cold we have mention'd to 
be met with in the depth of the ocean, ſhou'd be the effect of ni- 
trous attoms, which muſt certainly {warm in prodigious multitudes, 
to refrigerate every ſenſible particle of the ſea. Beſides, *tis not 
known, that nitre, eſpecially, in vaſt quantities, reaches near ſo deep 
in the earth, as thoſe parts of the ſea which are found to be exceed- 
ing cold. And as the more ſubtile part of nitre is more diſpos'd to 
fly up into the air, than dive down into the ſea, ſo we find no figns 
of its groſſer and more ſenſible parts abounding in the ſea-water ; ſince, 
upon evaporations thereof, it leaves no falt-petre behind it. But theſe 


conſiderations are not all that weigh with me. 6 
or, 
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For, thirdly, I am not fatisfied with what is alledg'd to prove, that 
the air, and adjacent parts of the earth and water, receive their high- 
eſt degrees of cold from nitre. For tho' Gaſſendus, with others, ſays, 
*tis nitre reſolv'd into exhalations that makes the gelid wind, which 
refrigerates whatſoever it touches, and penetrating into the water con- 
geals it; this ſeems a -precarious hypotheſis, until we know on what 
experiments the doctrine depends. For my part, I have ſeen no great 
effects from the ſteams of nitre, more than of other ſaline bodies, 
in the production of cold; and the ſpirit of it, which is a liquor con- 
fiſting of its volatile parts, appears not to the touch, to be actu- 
ally colder than many other liquors, but even potentially hot. For 
whether or no the exhalations of nitre be able to congeal water into 
ice, I have formerly obſery'd, that ſpirit of nitre, or Aqua fortis, will 
diſſolve ice into water, nearly as ſoon as ſpirit of wine; a liquor ge- 
nerally allow'd to be protentially hot in a very high degree. Gaſſen- 
dus, indeed, aſſerts, that difſoly'd nitre mix'd with water freezes it, and 
that even in the ſummer; but I muſt freely profeſs, that altho* ſome 
other learned moderns teach the ſame thing, I, who am no ftranger 
to nitrous experiments, have never been able to ſee any ſuch effect: 
and *tis ſomewhat ſtrange, that chymiſts, who make frequent ſo- 
lutions of nitre, and often with leſs water than is ſufficient to diſ- 
ſolve it all, ſo that its proportion to the water muſt have run thro” 
almoſt all poſſible degrees, ſhou'd never, by chance, have obſerv'd any 
ſuch phenomenon. | 

But to come to our own experiments. 

1. I took a pound of good ſalt- peter, and near three pounds of com- 
mon water, (which was probably Gaſſendus's proportion,) and put them 
into a large new pipkin, where they were kept conſtantly, and nim- 
bly ſtirr'd, ſometimes in a whirling motion, and ſometimes in a more 
confus'd agitation, for almoſt an hour and a half, till we ſaw no like- 
lyhood of effefting any thing thereby; for we cou'd not perceive any 
atom of true ice produc'd, or ſo much as any freezing of the va- 
pours on the out- ſide of the veſſel : and, for this reaſon, we thought 
fit, at the ſame time, to try the experiment by another kind of agi- 
tation, Mixing, then two ounces of ſalt- peter with about ſix of water 
in a conveniently ſiz d vial, we ſucceſſively and vehemently ſhook it 
to and fro, till we were almoſt tired; but neither by this way was there 
produced any ice within the glaſs, or the leaſt congelation of the 
vapours on the out- ſide of it. | 

Tis true, when ſo great a proportion of ſalt-peter began to diſ- 
ſolve in the pipkin, the water had a ſenſible increaſe of coldneſs, 
which afterwards ſeem'd to diminiſh, when once the nitre was diſ- 
ſolv'd; but we obſerv'd the water to be refrigerated, when, upon the 
diſſolution of common- ſalt, multitudes of actually cold and ſolid cor- 
puſcles, came to be every way diſpers'd thro" it, and the es 

produc 
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produc'd by the nitre, was very far ſhort of the degree requiſite to PHYSICS. 
congelation ; for to ſatisfy myſelf that my ſenſe did not miſinform VR 
me, I took a good ſeal d weather-glaſs, about ten or twelve inches 
long, and immerſing it into the cold mixture of nitre and water, I 
oblerv'd the tinged ſpirit of wine, in the ſtem, to deſcend conſiderably ; 
and when the cold had wrought its effect, I remov'd the thermoſcope 
into a vial fill'd with common water, about which was plac'd a mix- 
ture of beaten ice and ſalt; wherein the ball of the inſtrument being 
ſet, the ſpirit of wine haſtily deſcended, two or three inches below 
where it ſtood when remov'd out of the nitrous ſolution. And for 
farther ſatistaction, removing the thermoſcope once again into that ſo- 
lution, the ſpirit of wine in the ſtem was haftily impell'd up, as if 
the bubble had been put into warm water. And once more, the glaſs 
being remov'd into the retrigerated water, the tinged liquor began to 
fall down haſtily again, and ſoon ſunk almoſt into the bubble; ſo that 
to avoid injuring the inſtrument, we took it out. 

2. We iound ſalt- petre wow'd readily diſſolve ice, and, mixed there- 
with, treeze the vapours of the air to the outſide of the ſinzle vial, 
wherein we made the experiment; which ice alone would not have 
done: and having plac'd 1ome of the ſame nitre, groſsly beaten in lit- 
tle heaps upon plates of ice, we manifeſtly found them to ſink therein 
which ſhews they diſſolv'd it: and laying ſome upon a thick ſmooth piece 
of ice, we found it penetrate quite thro', whilſt the ſurrounding part 
of the ice remain d of a conſiderable thickneſs. 

3. We put into a large ſingle vial, almoſt full of water, as much 
rock-nitre, as, by the fire's ſide, wou'd diſſolve therein, then ex- 
pos'd them to the air of an extreamly ſharp night,*and part of the 
following day; whereby the ſolution was frozen ſo hard, that having 
broken the glaſs, we cou'd hardly break the included maſs. But at 
the bottom, there appear'd ſome liquor, with cryſtals of nitre well 
figured, that ſeem'd to have ſhot in it; which ſhew'd the water to 
have been ſufficiently impregnated with the ſalt. 

4. As to the ſpirituous parts of nitre, ſo far as we can judge of 
their temper by diſtillation, and by thermometers, they are not aftu- 
ally more cold than ſome- other liquors, and appear rather potentially 
hot than cold; at leaſt, they ſeem indiſpos'd to turn water into ice: 
for the ſpirit of nitre will readily, as we ſaid before, convert ice into 
water. k 

From hence we may conclude, that there are bodies colder than 
ſalt- petre, as being able to freeze water, which that cannot congeal; 
and that nitre, which is {aid to be the efficient of ice, thaws and 
diſſolves it; and conſequently, in regard thereto, is rather hot than 
cold. 

5. But to ſhew, that nitre does not always render water ſo cold as 
the common air, we ſuſpended a ſealed thermometer, for a conſider- 
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pursics. able time, in a very ſtrong ſolution thereof; when coming afterwards 
to raiſe it, by the ftring whereto it hung, to avoid touching it with 


Experiment: 
and obſervua 


my hand, we found, tho the day proved windy, the tinged liquor 
gradually deicended à inch; then placing it again in the lame ſolu- 
tion, the liquor again mounted to the ſame, or ſometimes a greater 
height; for the experiment was often repeated. 

6. If my opinion be then demanded, as to the refrigerating power of 
nitre; I anſwer, that I have not yet ſatisfied myſelf concerning it. | 
acknowledge, however, that among many other bodies which exhale 
from the terreſtrial globe, nitrous corpuſcles may be, generally, well qua- 
fied to cool the air; and, perhaps, there may be little ſaline bodies of 
kin to nitre, that, at certain times, plentifully float about in ſome parts 
of the atmoſphere; but that this aerial ſalt, by ſome call'd volatile 
nitre, is true and perfect ſalt- peter, I cannot ſay: and that this ſalt 
alone ſhou'd be the ſummum frigidum, is more than I am convinc'd of; 
ſince there may be in the bowels of the earth many other bodies, 
whoſe effluvia have a power to refrigerate the air, equal to that of 
ſalt-peter. And as common falt, in artificial glaciations, is found to 
co-operate, as powerfully as ſalt-peter itſelf; and fince it is undeniably 
ditfus'd in vaſt quantities thro' the terreſtrial globe; I ſee no reaſon 
why that kind of falt may not be rank'd among the univerſal effici- 
ents of cold. And hence, too, it ſeems probable, that it may often 
not be the emanations of one particular body, but a peculiar con- 
junction of two or more ſorts, that produces an intenſe degree of 
cold. Thus we ſee that ice and ſhow have their coldneſs advanc'd, 
by the mixture of ſea-ſalt, nitre, Cc. Nay, I venture to aſſert, that 
actual cold may be manifeſtly promoted, and perhaps generated, by 
the addition of a body not actually cold. And I doubt, whether any 
ſaline or terreſtrial exhalations, either ſingle, or conjoin'd, be the ade- 
quate cauſe of cold ; becauſe there may be other ways of producing 
it, beſides by the introduction of frigid corpuſcles. 


XXI. 


We have ſeen that the air is not the — frigidum, yet, I can- 
not allow it to be neither cold nor hot, only as it is acted upon by 


zions upon the external agents; for if we take cold, in the obvious acceptation of the 


coldneſ; and 
temperature 
the air. 


word, for a quality relative to the ſenſes of a man, whoſe organs are 


in a moderate temper as to cold, and heat; I am inclinable to think, 
that coldneſs may be attributed to the air, rather than heat, or a 
perfect neutrality both as to that and cold. To make a body cold, as 
to ſenſe, it ſeems ſufficient, that its minute particles ſhou'd leſs agi- 
tate the ſmall parts of our organs of wn - than they are uſually agi- 
tated by the fluids of the body; and conſequently, ſuppoſing the air 
deſtitute of calorific and frigorific atoms, it wou'd conſtitute a fluid, 


which, 


y 
n 
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which, either by the minuteneſs of its parts, or their want of vehe- Pursics. 
ment motion, may leſs affect the ſenſe of feeling, than thoſe fluids, LP /RU 


and therefore appear actually cold. It is, by no means, neceſſary, that 
all fluids ſhou'd be as much agitated, as the vital humours of a hu- 
man body; for in fiſh, and other animals, the blood and juices 
are always actually cold to our touch. And what reaſon is there, 
why. the air ſhou'd not, in its natural ſtate, be a cold fluid ? For as 
to the grand argument, that air is eaſily heated by the action of the 
ſun, or the fire, and as eaſily refrigerated by ice, inow, &c. and that 
heat and cold reign in it alternately every ſummer and winter; this 
only proves, that the air is ſuſceptible of both theſe qualities; but 
does not ſhew, that one is more natural to it, than the other. Thus 
water may be eaſily depriv'd of its fluidity, by the application of 
ſnow and falt, and reduced to a fluid again by the ſun or fire; and 
yet fluidity, not firmneſs, is allow'd to be the natural ſtate of water. 
But, farther, it is manifeſt, that the heat of the air is adventitious, 
and communicated by the rays of the ſun, or ſome other agent, natu- 
rally productive of heat in other bodies, as well as in that. Tis al- 
ſo evident, that upon the bare abſence of the ſun, or removal of 
other caules of heat, the air will, as it were of its own accord, be- 
come cold; whilſt *tis but an hypotheſis, that ſwarms of frigorific 
atoms, diffus'd thro? the air, produce coldneſs therein, and not coun- 
tenanc'd either by reaſon or experience. In ſome caſes frigorific cor- 
pulcles may be allow'd of, yet, I ſee not why we ſhou'd. have re- 
courſe to them, when a bare ceffation of former motion, proceeding 
from manifeſt cauſes, may ſerve the turn; as it will for a ſenſible 
coldneſs in the air. And, upon this ſuppoſition, the air ſeems as juſtly to 
be term'd cold, as iron, marble, mercury, cryſtal, ſalt- peter, &c. which 
men unanimouſly agree to call ſo; to all which, the argument produc'd 
againſt the coldneſs of the air is applicable, except that the air, 
being a fluid, ſooner receives and loſes the impreſſions of heat and 
cold than they. 

1. We fill'd a thermometer, to a convenient height, with well re&i- 
fied ſpirit of wine, ſeal'd it hermetically, and inclos'd it in a glaſs re- 
ceiver of a cylindrical form, about two inches in diameter, and a foot 
and a half high; and having cemented on the receiver, we left it for 
ſome hours, that it might perfectly cool. Then, drawing out the air, 
and watching it narrowly, we oblerv'd, that the liquor in the ther- 
mometer deſcended a very little upon the firſt extraction of any air, 
and ſomewhat leſs upon the ſecond; but afterwards it did not ſenſi- 
bly ſink: this ſubſidence of the liquor amounted, in the whole, to 
about the length of a barley corn; which we attributed to the ſtretch- 
ing of the glaſs, by the ſpring of the included air, when the exter- 
nal was withdrawn; and accordingly, upon re-admitting the excluded 
air, the ſpirit in the thermometer reaſcended: and we afterwards drew 
out and let in the air, as before, with the like ſucceſs. 
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2. We applied a very hot handkerchief to the outſide of the re- 
ceiver, to try whether the included thermometer wou'd receive any 
impreſſion from it, when the air that had interpos d was remov'd; 
but the liquor did not ſenſibly ſwell, either by this means, or by 
throwing thereon the concentrated rays of a candle, thro' a double 
convex glaſs. But the air being re-admitted into the receiver, the ſame 
handkerchief, heated afreſh, and applied, made the ſpirit of wine ſenſi. 
bly aſcend. But till the experiment be repeated in air of differing tem- 
pers, no concluſion can hence be drawn as to its temperature. 

3. Placing a {mall ſeal'd thermometer in a glaſs, broader at the top 
than the bottom, that was beſmear'd on the infide with tallow, and 


furniſh'd with water ſufficient to cover the ball of the thermometer, 


we froze that water, and took notice where the tinged ſpirit of wine 


reſted in the ftem; after which, the ice being taken off from the 


ball in the open air of an exceeding froſty morning, the liquor im- 
mediately roſe in the ſhank a little; as it happens, when a glaſs bub- 
ble, fill'd with warm water, is ſuddenly remov'd into cold; but pre- 
ſently after, the tinged liquor ſubſided a pretty way below its former 
mark: which ſhews, that the free air may communicate a more intenſe 


degree of cold, than ice itſelf. 


4- The weather having continued very cold for ſome time, we plac'd 
an exact ſeal'd thermometer, that was made by the ſtandard weather- 
pas at Greſham College, in a cellar, where we had obſerv'd beer not to 
reeze during a very ſharp winter; and having looked upon it after two 
very frofty nights, the wind being at eaſt, we found the tinged ſpirit 
of wine ſtood at two diviſions, and about ; above the freezing mark; 
and on the following morning, which was very frofty, at the ſame 
height. Wherefore, having remov'd it into the free air, in the gar- 
den, it fell to the freezing mark; and, conſequently, ſubſided above 
two inches beneath its ſtation in the cellar. I hence obſerve, that 
the air in the cellar, 1 the cold weather, was but very 
little warmer than that of my bed- chamber, in froſty weather; for the 
ſame thermometer being uſually kept there, the ſpirit commonly ſtands 
at that time, about two inches above the freezing mark, in the morn- 
ing before my fire is made; and in the ſummer-time, when the wea- 
ther is very hot, it aſcends to the eighth, ninth, and ſometimes al- 
moſt to the tenth mark. 

5. On a night, that prov'd extraordinary cold, with froſt, ſnow, 
and wind, the ſtandard weather-glaſs was remov'd into. the Parden, 
and left there till morning, where the ſpirit appear'd to be ſubſided 


above two diviſions below the freezing mark: ſo much greater was 
the cold of the air, than is abſolutely neceſſary to congeal water; 
and yet the coldneſs of this very night, did not, by antiperiſtaſis, ſo 
increaſe the heat of the cellar ; but that a vial, containing about two 


or three ounces of chymical oil of aniſeeds, which was left there till 
| nine 


© 
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nine of the clock in the morning, remain'd unthaw'd : which argues, Pursics. 


that the heat of the cellar was inferior to that of the external air in N= 


moderate ſeaſons ; ſince that oi! is by the warmth of the air, both in 
the ſpring and autumn, pre erv'd liquid; as this particular parcel of 
oil, in the ſame vial, was kept, by the moderate warmth of my cham- 
ber, leveral times this winter. 

6. December 29. 1655. A little before ten of the clock in the morn- 
ing, the weather having been froſty for near a fortnight, I took a 
ſeal'd thermometer out of my chamber-window, and having held it 
a while in the open air, in the court, and alſo wetted it with water, 
to reduce it the ſooner to the coldneſs of the external air, I caus'd 
the ball of it to be held a pretty while in the reeking ſtream that 
came from the pump, and obſerv'd, that it made the tinged liquor 
conſiderably riſe; the more ſo, the longer it was kept there, till 
it aſcended to a great height ; then carrying it up to my chamber, 
where there was a good fire, the ſpirit of wine began to ſubſide again; 
thereby, ſhewing, that the air of my chamber was colder than the 
reeking water of the pump. 

7. On February 17. After it had continued froſty for three or four 
days, about nine or ten of the clock in the morning, I caus'd the 
water of a conſiderably deep well to be pump'd, for a good while, 
upon the thermometer, after it had heen kept for ſome time in the 
air; which water raiſed it, by degrees, about four or five eighths of 
an inch higher than the former. Then I carried the glaſs to a ſpring 
that uſed to ſmoak in froſty weather, and having laid down the glaſs 
ſo as the ball might be cover'd with the water, juſt at the ſpring 
head, and let it reſt there a good while, I found the ſpirit but very 
little rais'd; fo that in all, it ſcarce mounted five eighths above the 
height it had been brought to in the preceding trial. Afterwards, in 
the ſame place, I brought the thermometer about noon to the north- 
ſide of the houſe, where the pump ſtood, and letting it reſt againſt 
the wall in the open air for half an hour or more; I found, that tho? 
it had been that morning a ſmall froſt; and tho' the ſun did not 
ſhine out, yet the air was about the fame degree of warmth, the wa- 
ter ſeem'd to have at the ſpring-head in froſty weather, when there 
was ſhow upon the ground; and conſequently the air was then much 
hotter than the water had been in the pump, where yet, in very cold 


weather, it uſually ſmoaks. 
8. February 19. Being the third day of the continuance of a moderate 


froſt, J held the ſeald thermometer under the pump, and having caus'd 
the water to run for a good while upon the ball of it, I found the 
tinged ſpirit riſe as high as it had done many weeks before in the 
depth of winter, by the warmth of the water of the fame pump. 

9. On the next day, being the fourth day of the froſt, the neigh- 


bouring fpring, which had not ſmoak'd during the precedent da E 
reek 


oO 


654. Experiments and Obſervations upon Cold. 


pursics. reek'd this morning: and about noon, the weather being fair, and ſun 
>) ſhining, the ball of the weather-glaſs was kept, for a competent time, co- 
| ver'd with water, juſt at the head of the ſpring; when it appear'd to 
have riſen higher now, by a quarter of an inch, than I cou'd make it do 
at the ſame ſpring-head ſeveral weeks before : but on this day, the wa- 
ter was a pretty deal warmer than the air; as appear'd by the ſub- 
fiding of the ſpirit, when brought from the ſpring to my chamber; 

the ground being then cover'd with ſnow. | 

10. An ingenious man told me, he had often obſerv'd, in an exactly 
ſeal'd weather-glaſs, that the tinged ſpirit was higher at ſometimes, 
when the weather prov'd froſty, than at others, when it did not; and 
that having kept his glaſs with the ball in water, which was after- 
wards frozen, and remain'd in the form of ice for ſeveral days, he 
warily broke the ice from about the ball, and removing it thence in- 
to the free air of the ſame room, he found the liquor to deſcend for 
'above three inches. The ball of this glaſs I found to be of the mag- 
nitude of a middle ſized crab, and the ſtem about two feet and a 
half long. 

11. I formerly obſerv'd, that air included in tight ſtrong veſſels, is 
not ſenſibly condenſed by cold ; but that when the air is, in ſome part 
or other, expos'd to the preſſure of the atmoſphere, it wou'd, by a de- 
gree of cold, able to freeze water, be manifeſtly contracted; tho* how 
great this contraction may be, has not been hitherto determined: we 

ve, indeed, attempted to do it in the following manner ; from whence 
it will appear, that in our climate, the cold does not condenſe the air 
fo much as is uſually imagined. 

And firſt, it may be proper to intimate, that among other ways we 
tried to meaſure the ſhrinking of the air, by ſealing it up in glaſſes, 
furniſh'd with long and very ſlender ſtems, that by breaking off the 
tips of them under water, after the included air was highly refrige- 
rated, the water, by the preſſure of the atmoſphere upon it, might 
be impell'd into the cavity of the glaſs, and by its aſcent therein, 
ſhew how much the internal air had been contracted by the cold; 
but this way we found too troubleſome and difficult to practiſe with 
any thing of certainty; and never by this means, brought the air to 
loſe above a 3oth part of its natural dimenſions. 

12. Finding alſo ſome inconveniencies in uſing a bolt-head for this 
purpoſe, and any liquors capable of congelation, we at length employ'd 
a ſtrong brine made with common ſalt, and once obſery'd, that the 
cold of a froſty night, made the air ſhrink in the pipe of a glaſs-egg 
near five inches; and again we found, that the air poſſeſſing 2057 di- 
viſions, contracted by the cold of a ſharp and froſty night, to 1965 
of the ſame : which, with the utmoſt care, was the moſt we cou'd ever 
make the air loſe of its natural dimenſions, by any additional cold of 

the atmoſphere; that is, a twenty ſecond part, and a little more than 


a 
13. We 
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13. We made the experiment, alſo, by the application of ice and Puxsics. 
falt, to the oval part of the veſſel; which raisd the liquor higher C2VRY 


than in the former method, near four inches. And to determine the 
point more accurately, we found the air contracted by this means, from 
1965, to which the cold of the external air had reduced it, into 1860 
diviſions; ſo that the effect of the ice and ſalt, added to that of the 
cold external air, did not contract the included air a tenth of 
its former ſpace, And here 'tis remarkable, that there was no great 
ditterence betwixt the proportion, in which the cold condens'd air, 
and expanded water. | 

14. To proceed; cold may prodigiouſly hinder the warm effect of 
the ſun upon the air, not only in the home part, but at ſeveral 
times_of the day, even in the heat of ſummer. 

An intelligent gentleman, who had ſeveral times fail'd in the frigid 
zone, aſſur'd me, that on the coaſt of Greenland, he had obſerv'd it 
to ſnow all midſummer night. An old fſea-captain told me, that 
they are on the ſeas frequently peſter'd with thick fogs extremely 
cold, which laſt, ſome of them, for ten or twelve hours, ſome for a 
whole day, and others two or three days together. He ſaid farther, 
that lying at anchor in Bell-ſound, on the coaſt of Greenland, near a 
mountainous rock, he with ſome others aſcended to the top of it, 
which he judg'd half a mile perpendicular from the plain: here they 
found the weather clear, and the sky very ſerene; and it being then 
June, the ſun ſhone vehemently hot upon them, whilſt they ſaw a thick 
fog, like clouds, at the bottom of the hill ; but when they came down, 
they found the fog as they left it, very dark and exceeding cold. 
And Mr. Logan, an Engliſh merchant, who winter'd at Pecora, a nor- 
thern town of Muſcovy, relates, that about the cloſe of Auguff, they 
had a ftrong froſt, which laſted for four days. Capt. Weymouth ſays, 
that in Fuly, tho' he was then far from the latitude of Nova Zembla, 
yet failing in a thick fog, © they found their tackling ſo hard frozen, 
© that it ſurpriz d them; for it was then the middle of their ſum- 
« mer.” In the fifth voyage the Engliſh made to Cherry iſland, which 
lies betwixt ſeventy four and ſeventy five degrees of latitude, they 
obſerv'd, that the wind being at north-eaſt, upon the twenty fourth 
of July, © it froze ſo hard, that the ice hung on their clothes; and 
in their ſeventh voyage to the ſame iſland, they ſay, that © on 
4 the fourteenth of July, the wind being northerly, they had both 
« ſnow and froſt.” 

15. To give two or three inſtances of the ſudden operations of the 
cold harboured in the air. 

Dr. Fletcher, who went ambaſſador to Ruſſia, tells us, that © when he 
© there came out of a warm room into a cold, he ſenſibly drew his 
te breat ſtiſf, and even ſtifling with the cold: to power uv and ſud- 
ce denly does the intenlely reirigerated air work upun the organs of 

| © reſpiration. 
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Paysics. © reſpiration. The chief phyſician of the Ruſſian Emperor aſſured me, 
be has ſeen water, thrown up into the air, immediately fall down actually 


congealed into ice: and this relation Dr. Fletcher confirms, by declaring 
himſelf an eye-witneſs of the ſame thing. The fame perſon tarther de- 
clared, that being at the ſiege of Smolensko in Ruſſia, he oblerved it to 
be fo extremely cold in the fields, that his ſpittle would freeze in falling 
from his mouth to the ground; ſo that if he ſpit againſt a tree, for 
example, it would not ſtick there, but immediately fall to the foot ot it 
16. Among the phenomena of cold relating to the air, I endeavoured to 
obſerve whether, upon the change of the weather, from warm or 
mild, to cold and froſty, there would appear any difference of the 
weight of the atmoſphere, from its being plentiſully furniſhed with a 
new ſtock of frigorific corpuſcles, whereto ſeveral of the modern phi- 
loſophers aſcribe its coldneſs. But tho” I, ſeveral times, compared an 
exact barometer, with a good ſealed thermometer, furniſhed with pure 
ſpirit of wine, I could not find, that upon the coming on of clear and 
froſty weather, the atmoſphere would very ſoon appear ſenſibly heavier 
than before: but I refer the matter to more frequent and continued ob- 
ſervations than I yet have been able to make. | 
17. Another effect that the cold frequently has, eſpecially in the northern 
countries, upon the atmoſphere, is to render it more or leſs clear than uſual ; 
for in northern voyages the ſeamen frequently complain of thick and laſting 
fogs: on the contrary, it very often happens, that when the cold is very 
intenſe, the air grows much clcarer than at other times; probably, becauſe 
the cold, by condenſing, precipitates the vapour that thickens the air 
and by freezing the ſurface of the earth, keeps in the effluvia that 
would otherwiſe ariſe therein: it may allo ſomewhat repreſs the va- 


pours that would be afforded by rhe water it ſelf; ſince ſome of 


our navigators obſerve, that when it is not cold enough to freeze the 
ſurface of the ſea, it infrigidates it ſo, that the ſnow will lie undiſſolv'd 
thereon. 

18. A Swediſh ambaſſador, with whom I had the honour to be parti- 
cularly acquainted, uſed to ſay, when he ſaw a clear froſty day, that 
it then look'd like a Swediſh winter, where, when once the froſty wea- 
ther is ſettled, the sky is ulually, for a long time, very ſerene and 
pleaſant : and here in England, we commonly oblerve, the ſharpeſt froſty 
nights to be the cleareſt, And Capt. James tells us, in his journal, that 
in Charlton iſland, on the 3oth and 31ſt of January, there appeared, 
in the beginning of the night, more ftars in the firmament, by two 
thirds, than ever he had ſeen before. I could lee “ fays he“ the 
cloud in cancer full of ſmall ſtars. | 

19. An ingenious gentleman, lately return'd out of Poland, inform'd 
me, that about the twenty firſt, twenty ſecond and twenty third of December 
1669, Old-Stile, lying within three Poliſh miles of Warſaw, he every 
day beheld the ſun accompanied with two parhelions, the one eaſtward, 
the other weſtward, almoſt in a direct line, and diſtant from it _ 

eight 
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eight or ten diameters of the fun ; and that they continued viſible Parstcs. 
from near ten to twelve a clock: the weather being extream cold, the CFY/RU 
air was as clear as could poſſibly be imagined, both night and day, and 

when the ſun-ſhone, appeared full of glittering ſpangles or particles of ice. 

20. To determine what effect the coldneſs of the air may have upon 
the refractions of the celeſtial bodies, ſecms a work ot no ſmall dit- 
ficulty. 

What I have here to ſay of it, is taken from the accounts of travel- 
lers. The Dutch, in Nova Zembla, who take great. pains to ſhew, by 
ſeveral circumſtances, that they were not miſtaken in their account of 
time, declare, they ſaw the ſun, after having loſt ſight of it for eleven 
weeks, fourteen days ſooner than it ought to have appeared to them; 
which difference is uſually aſcribed to the great refrattion of the gelid 
northern air. And as for that extremely cold country, where Captain 
James wintered, it appears, by his journal, that he there made ſeveral 
celeſtial and other obſervations, to give him ſome notice of this refrac- 
tion, which he found very conſiderable, tho* nothing near ſo great as that 
which the Dutch obſerved in Nova Zembla. © On the twenty firſt of Janu- 
ary ſays he © I obſerved the latirude with great exactneſs, and found 
« it 52*52'; which difference proceeds from the great refrattion : ” for 
at his firſt arrival at Charlton Iſland, he took the latitude with two 
quadrants, and found it exactly 52% And elſwhere he ſays, © by com- 
« paring my obſervations of the time of the ſtars coming to the 
© meridian, we found the ſun to riſe twenty minutes too ſoon, and 
& in the evening, to remain above the horizon twenty minutes too 
ce long; and all this by reaſon of the refraction. In another place 
he ſays, that “ on March 15th, the moon roſe in a very long oval along 
ce the horizon.” And to cite only one paſſage more concerning refrac- 
tions; © I often” ſays he © obſerved the difference betwixt clear wea- 
« ther and miſty, refractious weather, in this manner. From 
« a little hill near adjoyning to our houſe, in the cleareſt wea- 
© ther, when the ſun ſhone with all imaginable purity of air, we could 
« not ſee a little iſland which bears from us South South-Eaſt, about 
« four leagues; but if the weather were miſty, we could ſee it from 
te the loweſt place.” 

21. To proceed; I obſerve, that the degrees of coldneſs, in the air of dif- 
ferent climates, are nothing near ſo regularly proportionable to their 
re ſpective diſtances from the pole, as is uſually imagined. 

In places equally diſtant, theſe from the north and thoſe from the 
ſouth pole, the latter are generally much colder than the former, What 
exceſſive cold reigns at Moſcow, and the parts adjacent, during the winter, 
whereby many perſons loſe their noſes, their toes, and ſome their 
lives, we have already obſerved; yet at Edingburgh, which is placed 
more northerly, by above a degree, and in the neighbouring places, the 
air is temperate, and the cold tolerable, the ſnow, it ſeems, fel- 
dom lies long on the ground after it is fallen. In an account of a 
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pursics. voyage made for northern diſcoveries, by Mr. Pool, in the year 1610, 1 
nid this pattage, I was certified that all the ponds and lakes were un- 


ce frozen, tho freſh water; which makes me hope for a mild ſummer 
here, after ſo ſharp a beginning; and my opin'on is, that a paſſage 
may be ſoon obtained this way, by the pole, as any unknown way 
whatever; becauſe the ſun gives a great heat in this climate, and 
the ice made here near the 79, is nothing near ſo huge as I have 
ſeen in 73% To this agrees the teſtimony of the Hollanders, in their 
&« firſt voyage to Nova Zembla : © We have © fay they © affuredly found 

that the only hindrance to our voyage, was the ice about Awg 
«© Zembla under 73, 74, 75 and 76 degrees, and not ſo much upon the 
ce ſea between both the lands; whence it appears, that not the near- 
cc neſs of the north pole, but the ice that comes in and out of the 
cc Tartarian ſea, cauſed us here to feel the greateſt cold. It is true, that 
ce jn the country lying under 80, which we ſuppoſe to be Greenland 
« both leaves and graſs are to be ſeen, with ſuch beaſts as feed there- 
& on; tho”, onthe contrary, in Neva Zembla, there grow neither leaves 
& nor graſs, nor are beaſts there but ſuch as feed on fleſh, yet Nora 
cc Zembla lies 4, 5, and 69. more ſoutherly than that.“ 

Joſephus Acoſta allo tells us, that“ in paſſing to the Indies, when he came 
© to the equinoctial, in the month of March, he felt ſo great a cold, as 
c obliged him to go into the ſun-ſhine to warm himſelf, There is, indeed, 
& ſays he” no region in the world more pleaſant and temperate than 
c under the equinoctial, tho' it be not in all places of an equal tem- 
« perature; but the torrid Zone, is, in ſome places, very temperate, as 
& in Quitto, and on the plains of Peru; in others very cold, as at Potoſi; 
«© and in others again very hot, as in Ethiopia, Braſil, and the Moluccoes. 
« And again © ſays he“ ſnow, hail, and frozen waters, are continually 
cc upon the tops of the mountains; and the cold is ſo ſevere, that it 
cc withers all the graſs, and both men and beaſts, which paſs that 
ce way, are benummed with cold: this happens in the torrid Zone, 
ec and moſt commonly when the ſun is in their zenith.” 

An old ſea Captain, who has often ſailed to Greenland, aſſured 
me, that he met with two maſters of ſhips, the one from Holland, 
and the other from Embden, who declared they had ſailed to the lati- 
tude of 89 degrees, in queſt of a proper place for whale-fiſhing; 
the journal of which voyage, they produced him; and the captain 
meeting the ſteers- man of one of the ſhips, diſcourſed with him, and 
ſaw his journal too; which agreed with what the others had declared. 
And afterwards one of the maſters coming to London, he was there 
met accidentally by our captain, who brought him to ſome of the 
northern company, before whom he averred the foregoing relation, of 
whoſe truth the captain ſeem'd to be convinced. All the particulars 
that I could learn of this ſtrange voyage, were, that tho' they met with 


vaſt regions of ice, towards the ſhores, yet when they found themſelves 


near 
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near the pole, the ice was very open and free; ſo that if wood, Puxsics. 
water, and other proviſions, had not begun to fail them, they might 
have made a paſſage, perhaps, as far as Japan; that from the north- 
eaſt, there came a great rolling ſea, which one of the maſters, who 
had been at the bay of Biſcay, compared to the S$aniſh ſea; and that 
the cold there was not violent, but ſuch as they could eaſily endure, 
and complained no more of, than they did in Greenland; that failing 
from Greenland towards the pole, they found the compaſs to vary a 
point, after they had advanced ſome degrees northward ; then again the 
variation of it was, for a great while inconſiderable, and ſoon after 
increaſed to two points, and, laſtly, at 89 degrees of latitude, even to 
four points of the compaſs towards the eaſt. 
Mr. Hudſon, in his ſecond voyage, tells us, that “ tho? at 719, they 
« were much peſter d with ice about the end of June, yet the weather 
« was calm, clear and hot.” And Acoſta adds to this the account juſt 
« delivered. We ſee theſe differences not only on the land, but al- 
« ſo on the ſea; there are ſome ſeas where they feel great heat, as 
« is reported of Mazambigus and Ormus in the eaſt, and of the ſea of 
« Panama in the weſt; there are other ſeas in the ſame degree of la- 
ce titude very cold, as that of Peru, where I felt it cold when I firſt 
ce ſailed it in March, whilſt the ſun was directly over our heads.” 5 
Martinius, in his account of ;Pekin, tells us, that “ altho* the pole 
ce be not there elevated above 429. yet for four whole months from 
«© the middle of November, all the rivers are ſo frozen over, that the 
ce ice will ſafely bear coaches and the heavieſt burdens. This conge- 
ce lation © he ſays is, for the moſt part, made in one day; but the 
ce thawing of the ice requires many, and begins from the lower ſur- 
&« face.” 
But not to multiply inſtances, we ſhall conclude with obſerving that 
Charlton Iſland, tho' it ſeems, by the effects, to be a colder region than 
about Moſcow, and, perhaps, as cold as Nova Zembla it ſelf; yet cap- 
tain James aſſigns its latitude the ſame with that of Cambridge, viz. 519. 
the air whereof is well known to be temperate : and *tis remarkable, that 
this place was found uninhabitable by reaſon of the cold; yet, in 
Mr. Hudſen's voyage, 'tis ſaid, that © although they ran along near 
« the ſhore, they found no great cold; which made them think the 
place to be temperate, tho' they reckoned themſelves to have then 
reached the 78th degree of latitude : and our later navigators 
inform us, that ſeveral parts of Greenland are well inhabited. An 
Engliſh ſailor alſo aſſures us, that the true height of Puſtozera in Ruſſia is 
no leſs than 68 degrees and a half, and yet declares it to be a town of 
great, trade. But in Hudſon's voyage, I find what is ſtill more ſtrange, 
viz, that in the eighty firſt degree of latitude, beyond which they 
diſcovered land very far off, © they found it, during the whole day, clear 
« weather, with little wind, and reaſonably warm ; * and beyond eighty 
Pppp2 degrees, 
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Paysics, degrees, they not only found a ſtream or two of freſh water, but © per. 
“ © ceived it hot on the ſhore, and drank water to quench their 


& thirft.” | 

Tis alſo remarkable, that in Nen-England, where the winter is vaſtly 
colder than with us, lies 10 or 11* farther from the pole than we 
do. 
22. The next obſervable I have to propoſe about the coldneſs 
of the air, is, that the degrees both of heat and cold therein, may be 
much greater in the ſame climate, and in the ſame place, at ſeveral ſeaſons 
— the year, or even at ditferent times of the ſame day, than is uſually 
allowed. 

For the proof hereof, we ſhall produce the teſtimonies of travel- 
lers. Dr. Fletcher, in his treatiſe of Ruſſia, has this remarkable paſſage. 
ec The country, * ſays he” differs very much from it ſelf, ſo that tis ſur- 
ce prizing to ſee the great alteration cauſed therein by the winter and 
cc ſummer. All Raſſia, in the winter, lies under ſnow, which falls conti- 
4 nually, and is ſometimes a yard or two deep; but more towards the 
« north; the rivers and other waters are all frozen up, to the depth of 
ce a yard or more, how ſwift or broad ſoever they be; and this continues 
« for five months, or from about the firft of November, towards the 
© end of March, when the ſnow begins to melt; and yet, in the ſum- 
cc mer ſeaſon, ſuch a new face of the whole country appears, the woods 
© areſo freſh and ſweet, the paſture and meadows 10 you and flouriſhing, 
© there is ſuch a variety of flowers and melody of birds, that a man 
© cannot well travel in a more pleaſant country. But as the winter ex- 
* ceeds in cold, ſo the ſummer inclines to too great heat, eſpecially 
© in the months of June, July, and Auguſt; which are much warmer 
& months with them, than with us in England.” The like particulars have 
been alſo lately affirmed by the learned Olearius. And an acquaintance 
of mine, who, after having liv'd in Italy, paſs'd a ſummer in Ruſſia, aſſured me, 
that he ſcarce ever eat better melons than at Moſcow, which were there, 
he ſaid, of a ſtrange bulk; and this gives credit to the relation of Olearius, 
who declares, he there met with melons which weighed _ pound. At 
Pekin, the capital city of China, which ſcarce exeeds the forty ſecond 
degree of latitude, one would expect, that, as the ſummer is very 
warm, ſo the winter ſhould be very mild; as it is obſerved of Spain, 
Italy, Greece, &c. that have the ſame or a more northern latitude ; yet the 
learned Martinius, who lived many years in China, aſſures us, that uſually 
for four months together, all the rivers are ſo hard frozen, that not 
only all ſhips are kept immoveable by the ice, but alſo horſes, and the 
heavieſt carriages, ſecurely paſs upon it; and, what is very ſurprizing, 
he adds, that tis uſually made in one day, tho* many are required to 
diſſolve it. Proſper Alpinus tells us, that at Grand Cairo, where he practiſed 
phyſic, tho* diſtant fix degrees from the tropic of cancer, the air, 


which in ſummer is almoſt inſupportably hot, is ſometimes, in winter, 


very 
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very conſidertbly cold. *Tis related by Parchas, as communicated to PHYSICS. 
him by an eye-witneſs, that in Greenland, it hath been, one day, ſo WFWRNd 
cold, that they could ſcarce handle the frozen fails ; and another day 
ſo hot, that it melted the pitch off the ſhips ; and that at mid-night, 
tobacco has been lighted by the ſun's rays, with a glaſs. And laſtly, 
Captain James gives us this account of the weather in Charlton iſland. 


c The ſixteenth of June, © ſays he was wondrous hot, with ſome thun- 
te der and lightning, ſo that our men went into the ponds, on ſhore, to 
ce cool themſelves; tho* the water ſtill remain'd very cold. There 
ce lately appeared ſeveral ſorts of flies; as butter-flies, butchers- flies, 
c horſe-flies, and ſuch an infinite number of blood-thirſty muskitoes, 
« that we were more tormented with them, than ever we had been 
ce with the cold weather. Theſe, I believe, lye dead in old rotten wood, 
« during the winter, and revive again in ſummer : here are, likewiſe, in- 
ce finite numbers of ants and frogs, in the ponds upon the land.” 

Thus we lee what a ditference there may be in the ſame place, be- 
twixt the temperature of the air, in the winter and ſummer. We - 
ſhall now add, what ſeems more ftrange, that there may be very great 
variations in the heat and coldneſs of the air, not only in the ſame - 
place, but within the compaſs of the ſame day. Proſper Alpinus af- 
fords us an example hereof in Egypt it ſelf, where one would expect 
a much more uniform degree of heat. © In the winter, © ſays he, the 
ce nocturnal air is exceſſive cold, but preſently grows warmer upon the 
ce rifing of the ſun, and by noon becomes hot; but towards night, it a- 
“ gain changes for cold, from which irregularity proceed many diſeaſes.” 

The learned Olearius, relating his paſſage over a branch of mount Tau- 
rus, takes notice, that, after the middle of June, the air of that hot 
region of Perſia, obliged them to travel wholly by night; and yet the 
cold was then ſo great, that they were all benumm'd with it, and 
hardly able to alight from their horſes ; he adds, that the ſudden . 
change from an extream cold to the exceſſive heat they were again ex, 
poſed to on the following day, caſt, at once, fifteen of their company 
into a violent burning, fever. 

The ſame curious traveller mentions, that in another part. of Pera, 
called Faclu, notwithſtanding the heat of the region, towards the end 
of March, at which time they paſs'd it; they, in one night, obſerved . 
lightning and thunder, wind and rain, ſnow and ice. 

And a learned phyſician, lately arrived from the Indies, aſſured me, 
that notwithſtanding the violent heat in the day time there, he uſually 
obſerved the nights to be ſo very cold, that he was perſuaded ſome 
poſitively ſrigorific ſteams did then aſcend out of the earth; which 
makes it expedient, ſays he, for the Engliſh, who live in the warmer parts 
of America, to imitate the natives in keeping fires under their hammocs. 

The Czar's phyſician tells me by letter, © that the winter he ſpent at 
ee Fologda, Which lies a few degrees to the north-eaſt from 3 

much 
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purstcs. much leſs ſevere than uſual ; for, as it happened, they had not three 
B days of what they, there, call winter-weather.” He adds, that“ the 


cc cold, which is thought to be exceſſive there, hath been rare of late 
cc years; for ſome Engliſh, who have liv'd upon the ſpot thirty years, 
* declare, that, during their time, winters are become ſo mild, that 
cc the extreme cold, which uſed to freeze people on the road in ſeveral 
ce poſtures, hath not been felt as formerly.” 

We will conclude with a remarkable inſtance taken from the journal 
of the Engliſh, who wintered at Charlton iſland. © The ſeaſon in this cli. 
mate © ſays Captain James is moſt unnatural ; for, in the day time, it 
ce will be inſufferably hot in the ſun, this being a ſandy country; yet, 
c in the night, it will freeze again, an inch thick in the ponds: and 
cc all this towards the latter end of June. 

23. A third obſervable as to the coldneſs of the air, is, that in many 
places, its temperature ſeems not to depend ſo much upon the elevation 
of the pole, as upon the nature and circumſtances of the winds that reign 
there. | 

*Tis a conſtant. obſervation in theſe parts of the world, that nor- 
therly and north-eafterly winds, at all times of the year, bring cold 
along with them; and commonly, if it be winter, produce froſt, And 
here in England, I have ſometimes wondered at the power of the winds 
to bring not only ſadden frofts, but ſudden thaws; when the froſt was. 
thought to have been ſettled. For, during one of the moſt conſiderable 
ſeaſons of froſt and ſhow, that I have taken notice of in this country, I 
found the wind, for many days, to be ſoutherly; unleſs it may be ſaid 
that this ſoutherly wind, was but the returning ſtream of the northern, 
which had blown for many days before; and might, by ſome obſtacles 
and agents, be made to wheel about or recoil, hither, before it had 
loſt its refrigerating corpuſcles. And Captain James obſerved, that the 
wind blowing ſoutherly at Charlton iſland, in the month of Auguſt, 
the weather was ſnowy and foggy 3 freezing their rigging, and mak- 
ing every thing ſo ſlippery, that they could ſcarce ſtand. 

Proſper Alpinus attributes ſtrange effects to the northerly wind in 
Egypt, as to cooling and refreſhing the air, in ſpight of the violent 
heats that would, otherwiſe, be intolerable. And many in Egypt, he ſays, 
aſcribe to the eteſian winds, that almeſt miraculous ceaſing of the plague 
at Grand Cairo. 

Whence winds ſhould have this power to change the conſtitution 
of the air, and, particularly, to bring cold along with them, is not 
eaſily determined. Other qualities, indeed, and even the heat obſervable 
in winds, may, generally, proceed from thoſe of the places thro' which 
they paſs, as we have already obſerved : and it may be further confirm'd 
by what Acoſta, himſelf, ſaw in ſome parts of the Indies, viz. © that 
© jrongates were ſo ruſted and conſumed by a peculiar wind, that, upon 
« ſqueezing the metal between his fingers, it diffolv'd and crumbled 
ce like parched ſtraw. And this learned traveller, who ſeems to have 
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'taken peculiar notice of the wind, affords us ſeveral examples, to con-] PHYSICS. 
ficm what we advance. © At a ſmall diſtance, “ ſays he“ many diverſi- CF5WYaJ 


&« ties may be ſeen in the ſame wind; for example, the eaſt wind is, 
ce commonly very hot and troubleſome in Spain, but in Murria, it is 
te the moſt cold and healthful, becauſe it paſſeth along the orchards 
“e and large champaigns which appear very freſh. But in Carthagena, 
© which is not far from thence, the ſame wind is troubleſome and 
ce unwholſome : and the ſouth wind, “ adds he, is commonly rainy and 
© boiſterous, tho* in that city wholſome and pleaſant.” And in his 
deſcription of Peru, he affirms, that the ſouth and ſouth-weſt winds are 
exceeding pleaſant in that country. 

But tho* many other qualities of winds may be deduced from the nature 
and condition of the places along which they paſs; and tho” the heat, alſo, 
which Proſper Alpinus attributes to the ſoutherly winds in Egypt, may be, 
probably, aſcribed to the heated exhalations, and vapours they bring from 
the ſouthern and ſcorched regions they blow over ; yet whence the great 
coldneſs of northern and eaſterly winds ſhould proceed, may well ſeem 
ſtrange to thoſe who will not admit of corſpucles of cold. I ſhall, 
therefore, ſubjoin an experiment that I made, to give ſome light into 
this matter. 

I cauſed a pretty large pair of ordinary bellows to be long kept 
in the room where we deſign'd to make our experiment, to receive the 
temperature of the air therein ; then placing, upon a board, a flat-bot- 
tom'd weather-glaſs, furniſhed with a moveable drop of pendulous wa- 
ter, and blowing, at ſeveral times, with intermiſſions, upon the lower end 
of the glaſs, I found, that tho' the wind coming againſt my hand, felt 
manifeſtly cold, yet it did not cool the air included in the bubble, 
but rather a little warm'd it; as appear'd by a ſmall ſenſible aſcent 
of the pendulous drop, after the lower part of the glaſs was blown: upon 
which ſeem'd to proceed from ſome ſmall alteration towards warmth, 
that the air received by its ſhort ſtay in the bellows ; for if by cloſel 
covering the clack, the air came into the bellows, wholly thro' the noſe 
thereof, whilſt held very near the bubble of the Blaſs, that ſtream of 
wind coming from a part of the window where the air was a little 
cooler than that which was before blown out of the bellows, would 
not, as the other, make the pendulous drop riſe, but rather the con- 
trary. 

We then proceeded to ſhew, by experiment, that tho a wind were 
only a ſtream of air, yet in its paſſage it might acquire a conſieder- 
able coldneſs, diſtin from what it has by virtue of its motion, tho 
upon that ſcore, we ſee the air mov'd by a fan, or a pair of bellows 
may feel cold to our touch. Having inverted a ridge-tile, and 
half fill'd its cavity with a mixture of ice and ſalt, we plac'd the iron 
pipe of the bellows upon that mixture, and cover'd it with more of 


the ſame, that ſo the pipe being ſurrounded thereby, the air = 
tain'c 
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cs; tain'd in it might be highly refrigerated ; then blowing the bellows 
2 againſt my hand, the blaſt delt much colder, than what came out of 


the ſame bellows before the refrigerating mixture was applied. But 
for fear my ſenſe of feeling might deceive me, I caus'd a thermo. 


meter, made after the common manner, but with a more ſlender pipe, 
to be ſo plac'd, that the noſe of the bellows lay level with the bub- 


ble of the Abu and then blowing the refrigerated air of the bellows 


upon the globular part of the thermometer, the water in the cy lin- 
drical part and ſhank, manifeſtly aſcended, as is uſual upon the refri- 
geration of the included air; and as this aſcent of the liquor con- 
tinued during three or four blaſts of the bellows, ſo upon the ceſſa- 


tion of the artificial wind, it again ſubſided, by degrees, till by freſh 


blaſts it was again impelled up. Laſtly, having repeated this experiment, 


we drew back the noſe of the bellows, that the air to be now blown 


out, might paſs along the cavity forſaken by the iron pipe ; when, the 
wind was manifeſtly more cold than before, and had a greater effect 
upon the thermometer, againſt which *twas blown. And to ſatisfy my 
ſelf, that it was not the bare wind, whoſe operation upon the air in- 
cluded the ball of the weather-glaſs caus'd the liquor to aſcend, I 
mark'd the height it ſtood at, after we had, for a pretty while, blown 
upon it; and then, without removing the bellows, put ice and falt 
about the iron pipe of them; by which means the air afterwards 
blown thro? that pipe, was ſo cooPd in its paſſage, as to make the 
fluid very manifeſtly aſcend, even in a weather-glaſs, where quick- 
filver was us'd inſtead of water, or ſpirit of wine. And left the near- 


neſs of the frigorific mixture ſhou'd be ſuſpected to have caus'd this 


contraction of the included air, we ſometimes purpoſely intermitted 
the blaſts of the bellows, without removing the weather-glaſs; and 
tho? notwithſtanding that vicinity, the liquor wou'd begin a little to 
ſubſide, yet whenever the cold corpuſcles of the highly refrigerated 


air, were, by the playing of the bellows, brought anew, to touch in 


ſwarms, the globular part of the inſtrument, the mercury wou'd ma- 
nifeſtly riſe. I find, however, that the ſeaſon of the year, and ſome 
other circumſtances, may conſiderably vary the experiment. For tho? I 
have here faithfully recited the phenomena of it, yet coming ſome months 
after, and in different weather, to repeat it, I was ſurpriz d at the ſuc- 
ceſs. For, blowing upon the ball of the ſeal'd weather-glaſs, I found, 
that if I continued to do this long and briskly, the highly rectified 
ſpirit of wine wou'd ſometimes manifeſtly ſubſide. 

However, this experiment duly proſecuted, may poſhibly afford till 
farther light. 

But I will not here pretend to determine, whether all cold winds 
muſt be neceſſarily made cold, by frigorific corpuſcles, properly ſo call'd ; 
for I have ſometimes ſuſpected, that winds may be cold only by con- 
ſifting of, or driving before them, thoſe higher parts of the air, that, 
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by reaſon of the languid reflection of the ſun's rays in that upper re- Pursics. 
gion, are generally very cold; for it may be obſerv'd, that rains often Lg*VRW 


greatly and ſuddenly refrigerate the lower air, when no winds but 


what the rain and clouds occaſion, attend them; as if they brought 


cold air along with them from that upper region; which both Acoſta, 
and one who has viſited far higher mountains than the Alps, affirm 
to be, in ſome places, exceedingly cold in hot climates, and hot ſea- 
{ons of the year. But to leave this conjetture, Mr. Wood imforms us, 
that © tho' in England, moſt of the cold winds and weather proceeds 
« from the ſea; and tho' thole ſituations are counted moſt unwholſome 
ec that are near the coaſt ; it is otherwiſe in New-England.” And having 
added as his reaſon, that “ the north-eaſt wind coming from the ſea, 
produces warm weather, melting the ſnow, and thawing the grounds ;” 
« he ſubjoins” only the north-weſt wind paſſing over the land, is the 
« cauſe of extreme cold weather, being always accompanied with deep 
ee ſnows, bitter froſts, &c.” To which we ſhall add this paſſage from 
Capt. James's voyage. The winds ſince we came hither, have been 
« very variable and inconſtant, and till within this fortnight, the 
« ſoutherly wind was coldeſt. The reaſon, I conceive to be, becauſe 
te jt blow'd from the main- land, which was all cover'd with ſnow ; and 
te that the north winds came out of the great bay, which hitherto 
« was open.” And laftly, 1 have been aſſur d, that in Greenland itſelf, 
the north-caſt winds were colder than any other; which my relator 
aſcrib'd, in part, to the ſituation of the country; thoſe winds blowing 
over vaſt tracts of ice without any ſea, to mitigate the cold they com- 


municate, 
XXII. 


I come now to confider thoſe effects of cold, that are not familiar, Strange efe8s 


but ſeem to have in them ſomething of wonderful. 

As to the power of cold, either to contract the ſphere of activity 
of fire, or to hinder its uſual effects, the chief examples J have met 
with are recorded, by the Dutch, to have happen d in Nova Zembla, 
and by Capt. James, when he winter'd in Charleton iſland. Theſe Hol- 
landers ſpeak thus. © On the twentieth it prov'd fair and ſtill wea- 
ee ther, the wind eaſterly ; but it was ſo cold, that when we had waſtfd 
« and wrung our ſheets, they preſently froze ſo ſtiff, that altho* we 
tc laid them before a great fire, the ſide that was expos'd thereto 
©« was thaw'd, but the other remain'd hard frozen.” And again, © we 
« were in great fear, that if the extremity of the cold increas'd, we 
ce ſhou'd all die there; for what fire ſoever we made, it wou'd not 
« warm us.” Tho? Capt. James winter'd in a country many degrees 
more remote from the pole than Nova Zembla, yet he gives us this 


account of the power of the cold to oppoſe the action of fire. © The 


ce cook's tubs wherein he water'd his meat, ſtanding about a yard from 
Vor. I. Qqqq <« the 


of cold. 
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pursics. ce the fire, and which he all day long ply'd with ſnow-water, 
b © were in the night ſeaſon firmly frozen to the bottom; and there. 


& fore he was oblig'd to water his meat in a braſs kettle, cloſe ad- 
& joining to the fire: and 1 have often found the fide next the fire 
« yery warm, whilft the other remain'd frozen an inch thick.” 

This relation, compar'd with thoſe of the Hollanders, makes me the leſs 
wonder it ſhou'd be related to Marcus Polus, that there is a certain plain 
in Tartary, ſituated between ſome of the higheſt mountains in the 
world, © where if fire be kindled, it burns not ſo bright, nor proves 
cc ſo effectual to boil any thing, as in other places.” 

Theſe relations of travellers, tho' to us who live in England, they 
cannot but ſeem ſtrange, yet 1 dare not reject them as incredible; be- 
cauſe ice and ſnow having been water before their congelation, muſt, 
in probability, owe their coldneſs to that which reign'd in the air; 
ſo that if in any place, nature has either ſo plentifully ſtock d the air 
itſelf with frigorific corpuſcles, or upon any other account rendred it 
as cold as ice, and ſnow are amongſt us; I know not why in more nor- 
thern climates, where, perhaps, ſome ſaline exhalations ariſe from the 
earth and ſea, a coldneſs may not be diffus'd thro' the air, ſuperior 
to that which, by ſmall quantities of ice and falt, is at a ſmall di- 
ſtance producible here; yet this is ſo intenſe, that by pouring ſome 
water on a board, and placing a convenient veſſel thereon, we may 
with: beaten- ice, or ſnow and ſalt, and a little water, nimbly ftirr'd to- 
gether in that veſſel, make the mixture freeze the external water quite 
thro? it, to an exceſſive degree; and that too juſt by the fire. 

How: greatly the air is affected by cold, we have ſeen already, by 
the freezing of ſpittle, or water, barely in falling thro' it: and to 
give two or three remarkable inſtances of its effects u fluids, tis 
ſaid, that on the 27th of September, it froze ſo hard, that as the 
Dutch in Nova Zembla, put nails into their mouths, to be in @ rea- 
dineſs for driving, ice wou'd hang thereon; and when they took 
them out again the blood wou'd follow. And this is ſcarce more 
{range than what is affirm'd by Dr, Fletcher, who ſpeaking of Auſ- 
eovy lays, © if you there in the winter hold a metalline veſſel in your 
ec hands in the open air, they will ſtick faſt together, ſo that the skin 
© wilt come off when you part them.” Nay, in Ruſſia, and ſome other 
cold countries, if a man be abroad in che winter air with a cane, 
furniſh'd. with a metalline head, and the tip of the tongue be ap- 
plied to the metal, they will ſtick, and be as it were glew'd toge- 
ther; ſo that they cannot be ſever d without great pain, and ſome- 
times not without leaving the skin of the tongue behind. And 
this has been affirm'd to me by eye-witneſſes of unqueſtionable cre- 
dit. An ingenious phyfician, alſo, affirm'd to me upon trial, that the 
pummel of a ſword, expos'd to the winter air in Moſcow; wou'd ftick 
to the tongue that touches it, and. fetch off the skin, if forcibly and 
ſuddenly. pulPd away. of 
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| The reaſon of ſo odd a phenomenon, as far as I can conjecture, Pursics. 
may be the great and ſudden loſs of agitation in the Saliva, and part . 
of the tongue. Thus, if an ivory ball meet, in a direct line, with ano- 
ther of equal bigneſs, moving upon a billiard-table, *twill communi- 
cate to it a part of its own motion, and retain the remainder ; but if 
ö the latter were at reſt, the ball impell'd againſt it, will communicate 
almoſt all its motion thereto, and loſe as much itſelf; as appears by 
| its remaining quieſcent in the place of the other. In like manner, the 
metalline head of the ſtick, by the intenſeneſs of the cold, may have 
its parts ſo depriv'd of motion, that when thoſe of the Saliva and 
| tongue have communicated as much of their agitation as they can, 
there will not remain among thoſe three bodies a ſufficient degree of 
motion to keep the ſpittle fluid; which therefore being turn'd into ice, 
will ſtick to both the conſiſtent bodies, the tongue and the metal, and 
by this means faſten them together. In confirmation of this conjecture, 
I might add, there are ſome other phenomena explicable by the 
help of it. For inſtance, in very froſty mornings, the ice which 
ſticks to glaſs-windows, and often appears in the form of trees, or 
other odd figures, is vulgarly accounted for by ſuppoſing the cold 
produced them on the out-fide of the glaſs, which, ſome fancy 
the vapours of the warm room penetrate. But 'tis plain, that this 
ice 1s formed within the room, as I have often obſerv'd, either by 
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0 the thawing or ſcraping it off; ſo that it appears to be made of va- 
0 pours floating in the air and chancing to paſs along the glaſs of the 
windows; which by the cold of the external air in froſty weather, 
J loſing the natural agitation of its parts, theſe transferring ſo much 
) of their motion to the glaſs, retain not enough to keep them 
i fluid; the conſequence whereof is, they are turned into ice, which, in 
. very cold countries, will be far thicker than in England; and accord- 
, ingly, an acquaintance of mine afſured me, he obſerv'd the ice on the 
k in- ſide of the windows of ſome ſtows in Ruſſia, to be near an inch 
c thick. And tho? Macrobius and other learned men, diſallow falt-water to 
5 be congealable, yet the Dutch relate, that at Nova Zembla, even in 
it the midſt of September, © it was froze two inches thick.” 
1 The effects of extreme cold upon the common &arth, are very re- 
iy markable. Olearius relates, that in the year 1634, the cold was fo 
3 bitter at Moſcow, that in the great market-place he ſaw a cleft many 
* yards long, and a foot broad, occaſion'd by it: and the like has been 
2 confirm'd to me, by the Czar's chief phyſician. 
4 Tis ſomewhat ſtrange, that both the violent heat of ſummer, and 
d the extreme cold of winter, ſhou'd produce the like effects in the 
8 ground; but not having yet made the proper experiments, to ſhew 
C from whence this phenomenon proceeds, I do not pretend to deter- 
: mine the cauſe thereof. | 
| 
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The Dutch, in their third voyage to Nova Zembla, tell us, that 


b vuben they had built a wooden houſe, and were going to ſhut them. 
£4 & &« ſelves up therein, for the winter, they made a great fire on the out- 


& ſide, to thaw the ground, that they might place wood about the 
ec houle to make it the cloſer ; but it was all loſt labour: for the earth 
cc was ſo hard, and frozen ſo deep, that they cou'd not thaw it.” 
Martinius Cromerut, in his Polonia, records, that © cold is ſometimes fo 
c violent there, that trees wither at the roots, and water pour'd from 
c on high, turns to ice before it reaches to the ground; that the 
© lakes, marſhes and rivers, are ſo frozen for two or three months 
© jn the winter, and ſometimes for five or ſix, that horles and load- 
* ed carriages may freely and ſecurely pals over them. And I my 
ec ſelf,“ fays he,” have on the laſt day of March, pals'd over the Wei/- 
« ſe] in Maſovia, upon the firm ice, with a coach and four horſes, and 
© a retinue of horlemen.” ? 

After having ſeen ſome ſtrange effects of cold upon the ſeveral ele. 
ments, we proceed to take notice of its power upon compounded bo- 
dies. But as we have already deliver'd its operation upon beer, ale, 
vinegar, oil, wine, &c. as alſo upon wood, bricks, ſtone, veſſels of glaſs, 
earth, pewter, iron and braſs, with many ſtrange effects of it upon 
other inanimate bodies ; we ſhall here produce no more inſtances of that 
kind, but proceed to obſerve the effects of the ſame quality upon animals. 
We may, however, firſt intimate in general, that tho' many plants are 
preſerv'd by a moderate cold, yet it has been found, that moſt garden 
plants are deſtroy'd by exceſſive degrees thereof. Capt. James ſpeak- 
ing of the greateſt degree of cold, viz. that which he and his com- 
pany felt in the woods of Charleton ifland, ſays, © it was ſo extreme 
ec as to be intolerable; no clothes were proof againſt it, no motion 
© cou'd reſiſt it. It wou'd freeze the hair of our eye-lids, ſo that 
«© we cou'd not ſee; and I verily believe, it wou'd have ſtifled a man 
cc in a few hours time.” 

Olearius giving an account of the air of Muſcovy, and eſpecially of 
the capital city thereof, tells us, the cold is there ſo violent, that 
« no furs can prevent it; but that ſometimes men's noſes and ears, 
© feet and hands, will be frozen and fall off;” he adds, © that in the 
ce year 1634, When he was there, they cou'd not go fiſty paces with- 
« out being benumm'd with cold, and endangering the loſs of ſome 
« of their limbs.” | 

Dr. Fletcher ſpeaking of the cold, that ſometimes happens in Ruiz, 
affirms, that © not only travellers, but people in the very markets of 
te their towns, are kill'd by it; ſo that many drop down dead in the 
ce ftreets, and travellers are brought into the towns ſitting dead and 
ce ſtiff in their ſleds; and abundance loſe their noſes, the tips of their 
ee ears, and the balls of their cheeks, their toes, feet, &c. When the 
* winter is very hard, the bears and. wolves often iſſue by droves out 
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© of the woods, driven by hunger, and enter the villages, tearing and PHYSICS. 
ce ravageing all they can find; ſo that the inhabitants are oblig'd to WI 


ce flie for their lives.” 

To deſcend now to the more particular phenomena of cold in the 
human body. 

An old ſea-captain told me, that when he was in Greenland, his 
appetite grew ſo great, that he cou'd eat more in one day, than in 
a week or ten days here; and that accordingly, both he and others 
found themſelves ſtronger there, than in England, and more inclin'd 
to venery. 

Tis related of the Hollanders in Nova Zembla, that if they remain d 
long in the open air, there aroſe bliſters upon their faces and ears: 
and Capt. James ſays, © the cold in the woods wou'd freeze our faces, 
& or any part of our fleſh that was bare.” 

The Dutch ſpeaking of the pains they took to dig away the ſnow, 
that cover'd the houſe, and choak'd up their door, ſay, “ they were 
© forc'd to uſe great expedition, for they cou'd not long endure 
ce the extreme cold air, tho* they wore foxes skins about their heads, 
ce and double apparel upon their backs.“ Capt. James farther relates, 
that in Charlton iſland he was oblig'd to cut the hair of his head ſhort, 
and ſhave away all that of his face, becaule the iſicles wou'd other- 
wiſe faſten thereto, and make it intolerable. And he again ſays, that 
he and his companions having once been parted for a little while in- 
to two companies, © they all had their faces, hair and clothes, ſo fro- 
& Zen over, that they con'd not know each other by their habits, nor 
© even by their voices.” And the ſame author gives this account of 
the death of the gunner of his ſhip, whom he calls a ſtrong-hearted 
man, who died before the end of November. © He had, “ ſays the Capt.” 
ce a cloſe boarded cabin in the gun- room, which was cloſe indeed, and 
& as many clothes on him as was convenient, and a pan with coals 
ce of fire continually in his cabin; for all which warmth, his plaiſter 
ce you'd freeze at his wound, and the bottle of tack at his head.” 

© The 11th of December, © ſays the writer of the Dutch voyage to 
cc Nov Zcinbla, was fair weather, the air clear, but very cold, for 
ce gur ſhoes froze as hard as horns upon our feet, and within ſide they 
cc were white; ſo that we were forced to make great pattens, the up- 
ce per part of ſheep-skins, which we put on over three or four pair of 
cc ſocks, and ſo went in them to keep our feet warm; but the clothes 
& upon our backs were all over white with froſt. And ſays Capt. James, 
& gur bed- clothes wou'd be cover'd with hoar-froſt, which lay not 
ce far from the fire.“ 

We might add from Gerat de Veer, that “ on the 26th of December, it 
ec was foul weather, the wind at north-weſt, when it prov'd ſo cold 
c e cou'd not warm ourſelves, tho' we us'd all poſſible means, great 


© fires, ſtore of clothes, hot itones and billets applied upon. * 
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Puysrcs. © and upon our bodies, as we lay in our cabins; but notwithſtanding 
b © all this, our cabins were frozen in the morning. 


A knowing and very credible perſon has related to me of the cold 
of Ruſſia, where he travell'd, particulars almoſt as ſtrange as thoſe l 
have mention'd from books: and a very learn'd traveller aſſures me, he 
met with a ſtrange operation of the inclemency of the air, upon multi- 
tudes of men at once, recorded in an approv'd hiſtory ; viz. that, about 
the year 1498, an army of the Turks having made an incuriion into 
Poland, were upon their return, ſurprized with ſuch an extremity of 
cold and of ſnow in November, that out of the whole army, which 
conſiſted of 70000 men, 40000 periſh'd upon the ſpot. 

Amongſt the many relations I have met with, of the fatal effects 
of cold in northern countries, I am furpriz'd, I cou'd not find any 
account of the change made in the internal parts of the bodies kill'd 
by it. But meeting with a deſcription of a Poliſh province, call'd Ul- 
rain, of the ſame latitude with Normandy, and often ſubject to excel- 
ſive cold, I find the author gives an account, not indeed of what I ſought 
for in him, but of two dilfering effects of cold upon the bodies of 
men. The firſt is, that ſometimes, when the - natural heat proves 
ſtrong enough to protect the toes, cheeks, ears, and other parts, that 
are either more remote from the heart, or more tender, from a ſudden 
mortification ; yet unleſs nature be aſſiſted either by good precautions 
or remedies, ſhe cannot -hinder the cold from producing, cancers in 
theſe parts, as painful as thoſe which are caus'd by a ſcalding and 
malignant humour; which ſhew'd me, ſays our author, that cold has as 
great a power to deſtroy things, as fire to conſume them. He adds, that 
the beginning of theſe cancerous ſores is ſo ſmall, that what produces the 
pain, ſcarce equals the bigneſs of a pea; and yet in few days or hours 
it ſpreads ſo, as to deſtroy the whole part it invades: and this he con- 
firms by the example of two perſons of his acquaintance, who thus 
immediately loſt the characteriſtics of their ſex. As to thoſe who are 
kill'd with cold, our author ſays, they periſh differently. For ſome, 
not being ſufficiently fortified againſt the cold by their own internal 
heat, nor competently arm'd againſt it by furs, inunctions, and other 
external means; after having their hands and feet firſt ſeized, till they 
grow paſt feeling it, the reſt of their bodies is ſo invaded, that 
they are taken with a drowſineſs, that gives them an extreme propen- 
ſity to ſleep, which if indulg'd, they awake no more, but die inſenſibly. 
And from this kind of death, our author adds, he was ſeveral times 
inatch'd by his ſervants, who were more accuſtomed to the cold 
than he, and ſeaſonably forc'd to awake out of thoſe drowzineſſes, 
which they knew to be dangerous. And indeed, that death by 
cold is ſometimes indolent, the relations of ſome intelligent ac- 
1 of mine, who have been in exceeding cold countries, con- 
irm. 


But 
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But the other way 2 cold deſtroys a man, is the moſt re- PaYs1Cs. 
markable. He tells us, that ſometimes the cold ſeizes the reins, and RI 
all about the waſt, eſpecially horſemen, underneath the armour of the 
back and breaſt ; and ſtrikes into thoſe parts ſo forcibly, that it freezes 
the abdomen and viſcera; ſo that tho' they have keen appetites, they 
cannot digeſt or retain the lighteſt aliment, but preſently reje& it by 
vomit, with unſpeakable gripings and pains; and ſo continually com- 
plaining of their condition, and ſometimes crying out, as if their bow- 
els were tearing out, they end their miſerable lives almoſt in mad- 
neſs and deſpair. Having ſeen ſome of theſe departed wretches open'd, 
he ſays, they found the greateſt part of their viſcera black, burn'd 
up, and as it were glew'd together; whence he thinks it probable, 
that as their bowels came to be gangrenated, they were forc'd to 
thoſe complaints and exclamations; and we may add, that, probably, 
upon the ſame cauſe depended thole continual vomitings of what they 
cat and drank; the gangrene of the guts hindering the paſſage of the 
excrements downwards, as it often happens in the true Iiaca Paſſi 
and the periſtalitic, or the uſual motion of the guts being inverted, as 
it alſo frequently happens in the ſame diſeaſe. Anatomiſts and phyſici- 
ans, no doubt, will think this account very imperfect; but 'tis the beſt, 
and, indeed, the only one, I have hitherto met with of this diſtem- 
per; tho' 1 cou'd wiſh it had been much more full and particular, 
and that he had alſo open'd thoſe animals, and eſpecially their brains, 
which he mentions to have been kill'd ſuddenly, and without pain, 
by cold. For, ſuch informations, (the want whereof, as far as our cli- 
mate wou'd permit, I have had thovghts of ſupplying by experiments 
upon other animals,) wou'd perhaps ſatisſy me in a conje ture, counte- 
nanc'd by ſeveral trials upon vegetables and animals after death, as 
to the cauſe of mortifications produced by exceſſive cold. 

What effects may be produc'd by violent cold upon other animals, 
I ſcarce find mention'd by any writers I have met with. The author, 
indeed, lately quoted M. de Beauplan, tells us, in general, that the 
cold in Ukrain is ſometimes fo great, as to be ſcarce fupportable by 
horſes, and ſome other cattle. He allo mentions a familiar four-foot- 
ed animal, calld Bohack, ſaid to be peculiar to thoſe parts, that hides 
itſelf under ground in winter. A Poliſh nobleman told me, that when 
he was in that province, he had one of them preſented him as a ra- 
rity, which ſome of the Poles, chancing to dig in a retired place, were 
ſurpriz d to find: and tho? this creature was frozen fo ſtiff, that they 
thought it to be ſtark dead; yet when they came to flea it for its 
Skin, it was awaken'd by pain, and recover'd itſelf. 

That ſome other animals may be frozen till they are tiff, and yet re- 
cover, we ſhall ſee hereafter. *Tis a tradition among thoſe who travel 
into northern climates, that both birds and wild beaſts, are in icy 
and ſnowy countries, ordinarily turn'd white, in the winter, by the 
coldneſs of thoſe parts. This account I dare neither admit as true 

univer- 
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Pursics. univerſally, nor reject as utterly falſe. For, not now to enquire into, 
the cauſe of this whiteneſs, I find, by the voyages that I have peruled, 
that ſailors often mention their meeting with numbers of white bears 
and foxes in Nova Zembla, and other very northern regions; and alſo, 
ſometimes, with herds of white deer: and in the Alps, which are always 
covered with ſnow, credible authors mention, there having ſeen white 
patridges. And I remember, when I was in Savoy, and the countries 
adjoining thereto, where the tops of the mountains are almoſt 
perpetually covered with ſnow, frequent mention was made to 
me of a certain white kind of pheaſants to be met with in the upper 
parts of the mountains, which were accounted very delicious. But on 
the other ſide, the ſame ſailors, treating even of the coldeſt climates, 
ſeem to diſtinguiſh the white bears from others of thoſe parts. And 
*tis from very northern countries, that we uſually receive dark 
coloured furs, and the skins of black foxes, as well as white ones. 
But as for the herds of white dear, their colour may proceed from ſe- 
minal impreſſions; ſince here, in England, I have ſeen white ones. 
And tho? Greenland be ſome degrees nearer the pole than Nova Zembla, 
yet I have ſeen a live deer brought from thence, whoſe skin was not 
white, but rather of a kind of dun; and his coat might well 
have paſs'd for a fur. Yet theſe two particulars ſeem to favour the 
efficacy of cold; the one, that in ſeveral cold countries, as particularly in 
Greenland and Livonia, even modern deſcribers of them affirm hares 
will turn white in winter, and return to their native grey colour in 
ſum mer; the other, that tho' Charleton iſland differ not one degree in 
latitude from London, yet Captain James takes notice of foxes there, 
that were pied, black and white; and alſo of white patridges. 

Two Swediſh ambaſſadors aſſured me, that in Muſcovy, and ſome 
other northern countries, the hares are of the ſame colour with ours 
in ſummer, but ſnow white in winter; and that they begin to change 
colour in autumn, and to recover it in the ſpring. The elder of them, 
Monſieur Coyer, aſſured me, he had himſelf obſerved the thing; and the 
ſame was, likewiſe, affirmed by the Swediſh reſident then preſent ; who 
farther added, that on the borders of Muſcovy, he had teen numbers 
of milk white patridges in winter; and they all three agreed, that 
ſquirrels, which, in ſummer, are of the ulual colour with ours, do, 
in the winter, turn grey. and recover their brown colour the following 
ſummer. They were pleaſed, alſo, to ſend me word by an ingenious 
gentleman, fon to Monſieur Coyet, that on one ſide of the river Duna, 
which divides Livonia and Muſcovy, the hares are of the ordinary 
colour, but on the other ſide white; ſo that when the hunts-men meet 
with any white ones, on that ſide the river, ſuppoſed peculiar to the 
other, they call them delerters. 
| An o' d ſea- captain told me, that the white bears in or about Greenland, 
5  _notw'thſtanling the coldneſs of the climate, have an excellent noſe ; 
and that ſometimes, when the fiſlier- men had diſmuſed the carcals of 
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a whale, and left it floating on the waves, three or four leagues from 


ſtand as near the water as they could, and raiſing themſelves on their 
hind-legs, loudly ſnuff in the air, and with the two paws of their ſore- 
legs, as with fans, drive it as it were againſt their ſnouts; and when 
they were (as my relator ſuppoſed ) ſatisfied, whence the odour came, 
they would caſt themſelves into the ſea, and ſwim directly towards 
the whale, as my relator and others obſerve, who had ſometimes the 
curioſity to row, at a diſtance, after them; to ſee whether their noſes 
would ſerve them for guides, when their eyes could not. He ſaw no 
other bears in thoſe parts but white ones. 

An inquiſitive perſon told me, that having reſided for ſome time in Pruſ- 
ſia, he had, more than once or twice, in different places, obſerved, as 
others in his company alſo did, that the fiſher-men, in breaking the 
ice of ponds which had been long frozen, and taking out thence 
conſiderable maſſes of it, ſeveral times found many ſwallows in them, 
ſo incloſed in the ice, as not to be got out but by breaking or thaw- 
ing it. He farther ſaid, that when theſe lumps of ice came to be 
thaw'd in the ſtoves, the ſwallows, which lay ſeemingly dead before, 
would revive, and perhaps fly about the room, but did not long ſur- 
vive their recovery out of their inſenſible ſtate ; ſome dying again in few 
hours, others the next day, or perhaps on the third ; but few or none, 
that he obſerved, lived beyond the fourth or fifth. This, as my relator 
judg'd, happened thro' their want of appetite ; but, I believe, it pro- 
ceeded principally from their want of flies and proper animals to feed 
on, which they could not obtain in the winter. 


XXIII. 


Since many ingenious men aſſert, that water is turned into ice by the 
introduction of frigorific corpuſcles, we thought fit to try whether a 
liquor, by its increaſe of weight when frozen, would betray them 
And the firſt experiments we made to diſcover this were with eggs. 
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the ſhore, whence it could not be ſeen, theſe animals would CFVIW 


Experiments 
* upon the 


weight of bo- 


1. We placed an exact balance in a frame, and into one ſcale thereof ates, frozen 
put two eggs, and counterpoiſed them with braſs weights, then and uxfrozen. 


ſuffered all thus to continue, during a very ſharp night in a turret 
and coming the next morning to view them, we found the eggs grown 
lighter by very near four grains: we afterwards repeated this experi- 
ment twice or thrice; but having been diverted from regiftring the 
events, I dare only ſay, that ſome of the circumitances ſeem'd very 
odd and uncertain ; and that I deſiſted from proſecuting it, becauſe an 
increaſe of weight in eggs, thus expoled, was hardly to be hoped for, ſince 
part of the more ſubtile and ſpirituous corpuſcles they contain, conti- 
nually get away thro' the pores of the skin and ſhell: which ſeems 
to be the reaſon why eggs long kept, have uſually within the ſhell, 
a conſiderable cavity; ſo that tho' the frigorific atoms ſhould, by their 
ingreſs, here add a ſmall weight, yet that would not, unleſs perhaps in 
the very juncture when the congelation is firſt actually made, be taken 
notice of. 


Vor. I. Rrrr 2. And 
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2. And for farther ſatisfaction in this matter, we carefully counter. 


LAN. Poiſed four hen-eggs in a good pair of ſcales ſuſpended at a frame, 


and ſuffering them to continue for a pretty while, we obſerved, that 
tho? it were winter, and tho' the room made choice of was deftitute 
of a chimney, yet that ſcale wherein the eggs lay, grew manifeſtly 
lighter, ſo that it was requiſite, from time to time, to take a grain 
out of the oppoſite icale, to reduce the balance to an equilibrium; 
and by this means, we found the eggs, after ſome time, to have loft 
eight grains of their former weight; but how much more they would 
loſe, we could not ſtay to diſcover, | 

3. I endeavoured, allo, to ſatisfie my ſelf, whether eggs, when once 
actually frozen, and kept in a pair of nice ſcales faſtened to a frame, 
in ſome quiet place that was well fenced from the ſun, would, þ 


the cold of the air, in freezing weather, continue for any conſiderable 


time without a ſenſible diminution of their weight; but an unexpected 
thaw hindred us from ſeeing the ſucceſs of what we deſigned of this 
nature, both as to eggs and ſome other bodies. But if the experi- 
ment were very carefully made upon a competent variety of them, 
eſpecially upon camphire and ſome other very exhalable bodies ; it might 
poſſibly affiſt us to gueſs what intereſt the cold has in the ſuppreſſion, 
or exhalation of their effluvia. 

4. But to return, a ſingle vial of water ſealed up, wiped dry, and 
weighing four ounces four drams and a half when froze by ice and ſalt, 
loſt by being thaw'd ſomewhat more than a grain. : 

5. We took a thin vial furniſhed with a long neck, which at the 
flame of a lamp, was drawn gradually flender, ſo that being very 
narrow at the top, it might the more readily be ſealed; this we filled 
with water, allowing room for its expanding upon glaciation, and 

laced it in a mixture of ſnow and falt ; when the glaſs appeared nearly 
full of ice, it was taken out immediately, ſeal'd hermetically, and 


weigh'd in a pair of ve oe ſcales; whereby we found the whole 


amount to ſix ounces and half a grain, tho ſome. of the ice began to 
thaw in the operation: the vial being thus removed, and ſuffered to 
ſtand alone for two or three hours, the ice was vaniſhed ; when we 
again put the containing glaſs, in the ſame ſcales, and found that it 
weighed rather a little more than before ; but this not amounting to half 


a grain, it might well be attributed to ſome difference in the weights 


and grains themſelves, or to ſome unheeded moiſture that might ad- 
here to the vial. 

6. We placed another very thin vial of water, ſealed as the former, 
that wei hed four ounces, two drams, forty one grains, in a mixture of 
fnow — ſalt; thereby freezing it warily, to prevent its breaking; then 
we removed it into the ſame ſcales, and found it to weigh either 
juſt as before, or, if there were any difference, to have loſt a quarter 
of a grain. Being ſuffered to thaw, we placed it in the ſcale again, 
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and found its weight the ſame when frozen, tho* the weights were nu- Pursics. 
merically the ſame, and about $5 of a gram would turn the ſcales. I A 
was careful this laſt time to wipe the outſide of the glaſs with a 

linen cloth, becauſe I had oblerv'd, if ice be haſtily thaw'd, it will 

there produce a dew, 

Captain James gives us a particular in his voyage, which, if it 
had been circumſtartially fer down, might prove of moment in 
rezard to the weight of bodies frozen and untrozen. We hoiſted 
« our beer and cyder, “ ſays he, and made a raft of them, faſten- 
« ing them to our ſhore-anchor; they both ſunk preſently to the ground; 
« which was nothing ſtrange to us, becauſe any wood or pipe-ſtaves, 
« that had lain under the ice all winter, would fink down as ſoon 
ce as ever they were heav'd over board. 

7. 1 was, alſo, deſirous to ſee whether any difference, as to weight, would 
be produced by freezing and thawing iron, ſtone, wood, or the like 
ſolid and permanent bodies, which I intended to have exactly weigh'd 
before and after they were expoſed to the air in froſty weather; and 
again, after the froſt was gone; and this againſt counterpoiles, 
not expoſed to ſo great a degree of cold. And tho' we were pre- 
vented from bringing the matter to ſuch an iſſue as we deſired; yet 
this kind of experiments ſeems not irrational; ſince its highly probable, 
that even ſtones and metals ſuffer a change of texture by the action 
of ſome degrees of cold. And I remember to have made ſeveral ex- 
periments as to the weight of ſome metals and ſtones, both before 
and after they had been long expoſed to a more vehement cold 
than would have ſufficed to turn water into ice, and allo after they 
had been left expoſed to a warm air; tho the paper in which we regiſtred 
the events of theſe trials having been miſlayed, I dare not charge my 
memory with the particulars: but if I miſtake not, one or two ſtones 
increaſed their weight, by being buried in our frigorific mixture; which 
may be imputed to ſome particles of the ice reſolved into water, by 
the ſalt imbibed into the pores thereof. For having procured an 
experiment to be made by an ingenious perſon, upon a ſtone hard 
enough to bear a good poliſh ; he inform'd me, that the ſtone, by be- 
ing kept a while in water, tho” it was afterward wiped dry, diſcovered 
a manifeſt increaſe of weight. And in confirmation of my conjecture, I 
might add, that from a ſort of ſtones, of a texture cloſe enough to 
bear a poliſh, I obtained, by diſtillation, a conſiderable quantity of 
an almoſt inſipid liquor, which J ſuſpected to be, chiefly, water 
ſoaked into the ſtone. But ſuch trials as theſe, with others of the like 
kind, we leave to be farther proſecuted. However, thoſe we made 
in ſealed vials, were managed with accuracy; and ſome of the reſt were 
deſigned to ſatisfy others rather than our ſelves ; for ſhould an additional 
weight be found in frozen bodies, yet how do we hence know 
that the atoms of cold are either heavy or light, any more than the 
effluyia of magnetic and electrical bodies? 

| Rrrr2 8. The 
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Pursics. 8. The experiments here delivered, may, perhaps, keep men from 
being miſled by the contrary accounts, which I find to have been given 
of the weight of ice and water, by no obſcure writers. Thus Helmont, 
for inftance, dogmatically tells us, that if a large glaſs-veſſel, filled 
with pieces of ice, be hermetically ſealed and balanced in a pair of 
ſcales, we ſhall find the thaw'd liquor weigh almoſt an eighth 
part more than the ice. Tho” we have already manifeſted the falſity 
hereof, yet for further confirmation, we ſeveral times, on purpoſe, 
weighed ice frozen and thaw'd, without finding any reaſon to doubt 
that Helmont was miſtaken ; and particularly. having filled a wide- 
mouth'd glaſs with ſolid fragments of ice, both together amounting to 
a pound weight, I whelm'd over the mouth of it, another flat-bottom'd 
- glaſs, fo that if any vapours ſhould aſcend, they might be condenſed 
into drops ; this ice being thaw'd m a warm room, no drops appear'd 
on the inſide of the inverted glaſs; when the other being put into the ſame 
ſcale, appear'd almoſt exactly of the ſame weight as before; tho' the ice 
alone, that had been reſolved, amounting to much above eight ounces, 
ought, according to MHelmont's proportion, to have been aug- 
mented by a whole ounce at leaſt. And I make no doubt, that if 
the experiment had been tried with a greater quantity of ice, the 
event would have been very little, if at all, different. But I pur- 
poſely choſe to make my trials in no great quantities of matter, be- 
cauſe *tis very difficult to provide ſcales ftrong enough to weigh them 
without being injured; and yet prove accurate enough to diſcover ſuch 
ſmall differences as are fit to be taken notice of in ſuch experiments. 
Miſtakes in theſe ſtatical trials may eaſily happen, unleſs great 
care be uſed. When open veſſels are made choice of to freeze water 
in, tis no wonder that the ice weighs leſs than the fluid; becauſe ſome of 
its parts will then fly away in congelation. Thus a porringer of water, 
ſet to freeze in the open air, I once obſerved to loſe fifty grains, and ano- 
ther ſixty ; but making the like trial ina cloſe pewter pot, we found not 
the difference of a grain between the ice and the water, into which 
it was diſſolved. But that even ice, as well as water, may exhale in froſty 
weather, is prov'd by this experiment. Having placed ſeveral lumps of 
ſolid ice in a porringer, which together weighed a pound, and ex- 
poſed them in the ſame ſcales wherein they were weighed, to the free 
air of a very froſty night, we found the ice had loſt, next morning, 
twenty four grains of its weight: the weather continuing exceſſive cold, 
we kept: the ice out of the ſun, in the ſame ſcales all day, and a large 
part of the following night, and then, weighing it the ſecond time, found 
that the whole decreaſe of weight amounted to two drams, five grains, 
tho* the weight of the ice, without the porringer, were but about ſeven 
ounces. And when we had kept about thirteen ounces of ice expoſed 
to the air in a very froſty night, it had loſt, the next morning, above 
two drams of its former weight. 
„The like: experiment we made with ſnow as follows.. 


Four. 
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Four ounces of ſnow, made up into a lump, and counterpoiſed in Puxsics. 
a pair of good ſcales, were expoſed in a froſty night, after eleven a 


clock, without being taken out of the balance; thenext morning between 
nine and ten, there appeared a decreaſe of twenty nine or thirty grains, 
which ſeem'd to have evaporated from the ſnow it ſelf; for tho' a ſmall 
portion of it were melted in the ſcale, yet that amounted not to eight 
grains, which was not a third of the weight the ſnow-ball had loſt. 
But ſuppoſing the decreaſe would be greater, if the ſnow had a larger 
ſuperficies in proportion to the bulk thereof, I cauſed the following trial to 
be made. Two ounces of ſnow, made up into a flat cake, being expoſed all 
night, which was froſty, in the balance; there appeared, next morning, 
about eight a clock, to have been loſt fifty-five grains, tho' no water was 
found in the ſcale ; and about two hours after, the decreaſe was found to 
be about ſixty three grains, none of the ſnow {till appearing to have melted 
in the ſcale, * 
XXIV. 


I have at ſeveral times made different experiments to diſcover whe- 
ther congelation would, by conſtringing the pores of bodies, vitiating 
their texture, or arreſting the motion of their parts, hinder them 
from emitting thoſe efluvia that we call odours. 

1. Having in the months of December and January, whilft the weather 
was froſty, gathered different ſorts of flowers, I could ſcarce perceive 
any ſmell therein; indeed, moſt of them were flagzy, and ſeemed ready 
to wither : but a primroſe, that was vigorous and freſh in its kind, 
had an odour that was manifeſtly ſweet and genuine. 

I put, alſo, about an ounce of roſe-water into a ſmall vial, and after hay- 
ing ſmelt thereto, it was expoſed to freeze in the open air; and when. 
it began to freeze, I ſmelt to it again; but found the perfume ſcarce 


* M. Gautcron obſerved, during the 
great froſt at Montpellier, in the year 1708. 
that liquids evaporated much faſter than 
when the air was temperate. An ounce 
of water expoſed all night to freeze in a 
China veſlel two inches in diameter, had 
loſt in the morning twenty four grains ; 
and after it was thaw'd, the water want» 
ed twelve grains of its weight; tho' he 
was exceeding cautious to prevent a ſecond 
evaporation. Common water, oil of nuts, 
oil of turpentine, ſpirit of wine,oil-olive, 
and quick-ſilver, being expoſed after the 
ſame manner, and in the ſame quanr ity, 
the water preſently froze, and loſt fix 
grains in an hours time; the oil of nuts 
eight grains, the ſpirit of wine and oil of 
turpentine, each of them twelve grains i: 
an hour; but the oil-olive and the mer- 


Cury, appeared to have rather increaſed | 


in their weight. Next morning the fro- 
zen water had loſt thirty-ſix grains; the 
oil of nuts, which remain'd unfrozen, forty 
grains; the ſpirit of wine and oil of tur- 
pentine, which alſo were not frozen,fifty- 
four grains each; but the mercury and 
oil-olive, continued nearly as they were, 
This gentleman found even the hardeſt 
ice evaporate ſo faſt, that in twenty four 
hours it loſt about one hundred grains. 
And in the coldeſt night of this froſt, 
which he ſays was the moſt extreme that 


had ever been felt in that country, the li- 


quor of a common thermometer, being 
wholly reduced into the ball, the water 
loſt forty-eight grains, the oil of nuts 
fifty-four, and the oil of turpentine and 
ſpirit of wine each. ſeventy-two grains. 
Mamoir. de I Academ. A. 1709. p.584.—538, 
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Puvysics, at allabated; and laſtly, having ſuffered it to continue in the air that 
woas then very ſharp, till quite congealed, the ice was not deſtitute of a 
| gratetul and genuine ſcent, tho? it leem'd ſomewhat laint ; and even af- 
ter the ice was again reduced to water, the fragrancy appeared con- 

ſiderable. 

But care muſt be had in trials of this nature, to make an early 
eſtimate; for if too much time be ſpent herein, there is danger that 
the warmth of one's breath and face may relax the pores, or thaw 
the ſurface of the ice, and both free and excite the ſcented cor puſcles; 
whence, inſtead of ice, a liquor would be ſmelt to. Thus having pro- 
cured ſome rain-water that had been kept in a tub, till it ſtunk ſo 
ſtrongly, that I could hardly endure it near my noſe, I cauſed a por- 

oY ringer full of it to be expoſed all night to a very ſharp air, and ex- 
amining it next morning, when it was all turn'd into ice, neither I, nor 
others to whom it was offered, could perceive any ſtink at all in it; 
but having in another place repeated the experiment with as ſtinking 
water, when the porringer was the next morning brought to my bed- 
fide, I found it ſtink abominably ; for the warmth of the room had 
thaw'd the ſuperficial parts of the ice : but expoſing the veſſel with 
that liquor in it to the cold air again, an ice was produced- that we 
found perfectly inodorous. And I remember that one of theſe parcels 
of ice being thawed, it ſeemed to be leſs fetid than before it had been 
frozen. And if I had not been diverted, I ſhould have tried whether 
this ice, that did not emit odours, would, like other ice, afford effluvia 
diſcoverable by the ballance; for whether it loſt of its weight or not, 
the event might afford a conſiderable hint. 

2. We alſo attempted to diſcover the effect of congelation upon ſeveral 
other qualities; not only thoſe that are reputed maniteſt, as colours and 
taſtes; the latter whereof we ſometimes found to be conſiderably changed 
for the worſe in fleſh; but alſo thoſe that are uſually term'd occult; particu- 
larly, I had a mind to ſee whether the purging faculty of carthartics, - 
would be advanced, impaired, or deſtroyed thereby : and for this purpoſe, 
I cauſed ſeveral purging liquors to be expoſed to the cold, ſome ofa more 
mild, and others of a brisker nature, in the forms of ſyrup, decoQion, 
infuſion, &c. but for want of opportunity to try, upon the bodies of 
animals, what change the cold had made in them, I was unable to 
ſatisfy my ſelf herein: only, as in ſome of theſe trials, I made uſe of 
purgative liquors prepared by fermentation, I ſhall add, that fermentation 

is ſo noble and important a ſubject, that the influence of cold upon it 
deſerves a particular inquiry. 

That this influence may be very conſiderable, ſeems probable to me 

from having obſerved, upon trial, that raiſins and water did not, in 

many days, whilſt the weather continued very froſty, ſo much as begin 

to ferment, tho the water were kept fluid; and that beer will con- 
5 . tinue 


— 
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tinue new, as it were, and unfit for drinking, much longer than could readily Pursics. 
be ſulpected, if very froſty weatherthappen before it has'finiſhed its fermen- CCI 
tation. And an experienced perſon aſſured me, that ſuch liquor would not 
ſometimes in five or ſix weeks of very froſty weather, be brought to ſuch a 

degree of ripeneſs, as one week of warm and friendly weather would give 

it. Nay, if I am rightly inform'd, the way to keep wine in the ſtate of 

muſt, is to take the juice of grapes newly prefſed, tun it up before it 

begins to work, and let down the veſſel, very carefully cloſed, to the 

bottom of ſome deep well or river, for fix or eight weeks; during 

which time, the liquor will be ſo well ſettled, in its accuſtomed con- 

ſtitution, that it may afterwards be kept in almoſt the ſame ſtate, and 

for ſeveral months continue its ſweetneſs. 

3. Tho' the ſchools define cold by the property they ſuppoſe it has 
to unite heterogeneous and homogeneous ſubſtances; I attempted to 
make ſome ſeparations in bodies by the force of it. For if it holds 
true. in this climate, which has been obſerved in more northern re- 
gions, that a very ftrong ſpirit and a phlegm are obtamable from beer 
and wine by congelation, it ſeems probable, that in ſeveral other li- 
quors, the wateriſh part will begin to freeze before the more ſpirituous 
and faline ones; and if fo, we may be aſſiſted to make ſome ſepara- 
tions as well by cold as by heat, and reftify ſome liquors by congela- 
tion, as well as by diſtillation : but I doubt whether the ordinary froſts 
of this country afford a degree of cold, capable of making ſuch divi- 
ſions and ſeparations in bodies as have been obſerved in the more nor- 
thern climates. However, having purpoſely hung out a glaſs-bottle of 
beer, in an extraordinary ſharp night, I found, the next morning, that 
the greateſt part of the liquor was turned into ice, while there re- 
mained at the bottom an uncongealed part, which to me, and others, 
ſeemed ftronger than the beer, and was, at leaſt, manifeſtly ſtronger 
than the thaw'd ice, which yielded a ſpiritleſs liquor. But in ſome 
other trials my ſucceſs was not ſo conſiderable. For having put one 
part of highly rectified ſpirit of wine, and about five or ſix parts of 
common water, in a round glaſs plac'd in ice and ſalt; tho* the mixture 
was in great part turned into ice; yet I could not perceive that the two 
liquors were accurately ſeparated from one another; tho* the ſpirit of 
wine employed, was before-hand deeply tinged with cochineal; 
and therefore I the leſs wonder, that. in claret, I could not make any 
exact ſeparation of the red and the colourleſs parts. But, 1 remember, 
ſpirit of vinegar, being expoſed to the cold in a large glaſs veſſel, a 
conſiderable part was turned into ice; which, by ſwimming, ſhew'd it 
ſelf to be lighter than the fluid. The froſt once ſeemed to have pro- 
moted a ſeparation of cream; and another time, there ſeemed to be a 
different ſeparation made in the parts of milk, by congelation; yet for 
want of leiſure to proſecute ſuch trials, they proved unſatisſactory; as 
did alſo ſome attempts of the like nature, made upon blood by freezing 

| | its 
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pursics. it. But notwithſtanding theſe diſcouragements, I reſolved to try what 
I I could do by this means upon brine, in order to free it from its 


phlegm, which might prove an advantageous experiment. For *tis 
eſteemed one of the beſt methods to ſave the charge of tewel in ma- 
.king falt, to run their water thro* large bundles of bruſh-wood, that 
being thereby ſpread into a great ſurface, ſome of the pure aqueous 
parts may exhale away. Diſſolving, theretore, one part of common ſalt 
in ſorty-four times its weight of common water, that it might be re- 
duc'd to the degree of ſaltneſs, that has been by ſeveral writers ob- 
ſery'd in the water of our neighbouring ſeas; and having likewiſe caus'd 
another much ſtronger brine to be made, to bring it near that of ma- 
ny of our ſalt-ſprings; we expos'd theſe ſolutions to the congealing 
cold of the air in froſty weather, when the latter, being too ſtrongly 
impregnated with the ſalt, continued ſome days and nights wholly 
uncongeal'd ; but the weaker ſolution being expos'd in a ſhallow and 
wide-mouth'd veſſel, the large ſuperficies contiguous tothe air, afford- 
ed us a cake of ice, which being taken off, and the reſt of the li- 
quor expos'd again to the air in the ſame veſſel, we obtain'd a ſe- 
cond cake; and taking the remainder, which ſecm'd to be indiſpos'd 
to congeal farther, we found, by comparing it with what was 
afforded by the firſt cake of the ice permitted to thaw, a manifeſt 
difference; this ſcarce taſting ſo much as brackiſh, whilſt the liquor 
that continued uncongeal'd was conſiderably ſalt. And by examining 
theſe two liquors hydroftatically, the difference between them alſo a 
pear'd conſiderable ; but this not being done with accuracy, I cou'd 
make no eſtimate of the advantage, that might ariſe from the 
operation of cold, towards freeing the brine from its ſuperfluous 
moiſture, I had not here a ſufficient quantity of ice to ſatisfy me, 
whether its little brackiſhneſs proceed from ſome ſaline corpuſcles, 
that concurr'd to conſtitute the ice itſelf, or only adhered to the low- 
er part of it, among other particles of the liquor that remain'd un- 
congeal'd. Twere not perhaps amiſs to try, whether, in very large veſ- 
ſels, this experiment, promoted by ſome expedients that practice will 
ſuggeſt, may not, in ſome ſeaſons and places, be turn'd to advan- 
tage. | 

ot I took ſeveral vegetable ſubſtances, of different kinds, as tur- 
neps, carrots, beets, apples, and tender wood, freſh cut from growing 
trees; as alſo many animal ſubſtances, muſculous fleſh, livers, brains, 
eyes, tongues, &c. and expos'd them to a very ſharp cold, that they 
might be thoroughly frozen. One of the chief things 1 propos'd to 
myſelf in this attempt was, to try how far I cou'd, by congelation, diſ- 
cover the texture of animals and plants unregarded by anatomiſts 
and which cou'd ſcarce otherwiſe be render'd viſible. And according- 
iy; I found that in many ſucculent bodies, both vegetable and animal, 
the 


5 


ſap or juice that was ſo diſpers'd among the other parts, and di- 
| vided 
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vided into ſuch minute portions, as not to be manifeſtly diſtinguiſh'd, Puvstos. 
might, by congelation, be both diſcern'd and ſeparated from the reſt... 


For in ſeveral plants, I ob'erv'd the alimental juice to be congeal'd 
into vaſt multitudes of diſtinct corpulcles of ice, ſome of which, when 
the bodies were tranſverſly cut, and leſt a while in the open air, might 
be ſcrap'd oif from the ſuperficies of the body, whereon it weu'd a- 
ter a while appear in the form of an effloreſcence, almoſt like mea]: 
but in others, I took a better courſe; for, by warily compreſſing the 


frozen bodies, I cou'd preſently make the icy corpulcles ſtart in vaſt 


numbers out of their little pores; and tho' ſome ot theſe were ſo mi- 
nute as to require an ordinary magnifying-glaſs, yet in other bodies, and 
eſpecially in carrots and beets, the icy corpulcles were big enough to 
be diſtinctly and ſeparately view'd; ſo that I rightly conjeQur'd both 
the figures and ſizes of theſe little pieces of ice, might be gueſs'd at by 
the ſhape and magnitude of the pores left in the more ſtable part, or 
parenchyma of the root. But in making an eſtimate of theſe cavi- 


ties, as well as in diſcovering the order wherein they are ranged, I 


found it uſeful to cut the frozen roots ſometimes lengthwiſe, 
and ſometimes a-crols. For by that means there wou'd appear in 
large carrots, for example, a great diſparity in the order of the 
pores, which, when the root was divided by a plain parallel to the 
baſis, ſeem'd plac'd in almoſt ſtreighr lines, tending from the centre 
to the circumference ; but if it were flit from one end to the other, 
the icy corpuſcles and pores wou'd ſeem rang'd in- a very different 
order, : 

I muſt not here omit, that as I many years ſmce made an expe- 
riment of freezing the eyes of oxen, and other animals, whereby 
the ſoft and fluid humours of that admirable organ may be ſo har- 
den'd, as to become tractable to the meaner anatomiſts; ſo on this 


occaſion I apply'd that experiment to the brains of animals, which 


tho? too ſoft to be eaſily diſſected, may by congelation be made every 
way manageable. In diſſecting the brain thus harden'd, it ſometimes 
ſcem'd that the knife cut thro' multitudes of icy corpuſeles; the 
ſubſtance of it appear'd alſo to the eye to be ſtuff'd with them, and 
the ventricles to harbour pieces of ice, and were perhaps filled up 
with them. And methinks the manifeſt difference of texture that 
there is, between the white and yolk of a thoroughly frozen egg; 
betwixt the cryſtalline, aqueous and the vitreous humours of the eye, 
wherein by congelation the cryſtalline alone loſes its tranſparency, but 
acquires no conſpicuous ice, whilſt the other are full of diaphanous 
ice; with the like diſparities, may afford improvable hints to ſagacious 
anatomiſts. | 

We formerly obſerv'd, that congelation commonly ſpoils or impairs 
eggs, apples, fleſh, Cc. jet us fee now in what caſes we may give a 
mechanical account of this phenomenon. Tho" the 1mmerſion of fro- 
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pursics. zen bodies in cold water be allow'd to recover them with leſs preju- 
dice, than if they were haſtily thaw'd by the fire, or ſpontaneouſly 


in the air; yet there have been complaints made, that notwithſtand- 
ing this expedient, ſeveral bodies are much the worſe for being once 
frozen thoroughly. Since then I have ſhewn, that in many ſolid bodies 
the alimental juice is by congelation turn'd into ice, and have evin-* 
that water, and aqueous liquors, are expanded by congelation; I ſee 
not why the innumerable icy corpulcles, into which the alimental juice 
is turn'd by the froſt, being each of them expanded proportionably to 
their reſpective magnitudes, may not only prejudice the whole, by ha- 
ving their own conſtitution impair'd, as has been formerly obſerv'd in 
alicant and other vinous liquors ; but alſo upon their expanſion cruſh 
in ſome places, and diſtend in others, the more ſtable parts, in whoſe 
cavities they were harbour'd, and thereby ſo vitiate their texture, as 
to impair ſome of their qualities, and diſpoſe the compoſition to cor- 
ruption. 

How greatly contuſion may prejudice tender bodies, and accelerate 
putrefaction, is evident in many fruits, eſpecially the more tender ones, 
which having been bruis'd, quickly begin to rot in the injured parts; 
and *tis agreeable to what has been formerly ſhewn, that in congela- 
tion there happens innumerable little contuſions made by the fluid 
parts, harden'd and expanded by the froſt, of more ſtable ones, every 
where intercepted between them; and tho* theſe icy corpuſcles be ſmall, 
yet the ſides of the firm matter that ſeparate them, and which they 
endeavour to ftretch or cruſh, are often 5 0 ggomarary thin. And 
we have ſeen not only that 18 will burſt by having their alimen- 
tal juice frozen, but that both ſhingles and ſtones may have their 
texture ſpoil'd, by the congelation of the mineral ſap, that is, in ex- 
ceeding minute and inſenſible particles, diſpers'd thro' them. And the 
violation of the texture of plants, herbs and animals, by the expan- 
ſion of the aqueous and juicy particles, which abound there, will ſeem 
leſs ſurprizing, if it be remember'd, that a few ounces of water con- 
geal'd, will burſt thro? glaſs, pewter, braſs, or iron. 

Whilft I was upon theſe trials, I had alſo a defire to know, whe- 
ther by freezing animals to death, any ſuch change in the qualities 
or ſtructure of their parts cou'd be diſcover'd, as might lead us to the 
means whereby exceſſive cold kills men in northern countries. I ex- 
pos'd a young rabbet all night to a very vehement froſt, without find- 
ing any other damage, than one of his legs ſwell'd and grown tiff. 
But in a rabbet purpoſely ſtrangled, and preſently expos'd intire to a 
ſevere degree of cold, we found ice produc'd in ſuch parts as wou'd 
have caus'd us to proſecute the experiments, had not the want of 
ſuch animals hinder'd us. | 

It is affirm'd by ſome eminent modern writers, that water impreg- 


nated with the ſaline parts of a plant, and afterwards frozen, "_ = 
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hibit in the ice the ſhape of that plant. Nay, the learned Gaffarel Pursics. 
tells us, that this is no rarity, being daily ſhewn by one M. de la L,%/RJ 


Clave. We therefore lately try'd what cou'd be done with decoctions, 
that were richly imbued and highly ting'd with the ſpirituous parts 
of the vegetables; but the ice was by no means ſo figured as the 
tradition promiſes : and I remember, that having made a lixivium with 
ſixteen parts of water, and one of the falt of pot-aſhes, and expos'd 
it in a thin glaſs-vial to an exceeding cold air, we found much ice 
produc'd thereby, that lay on the top in little ſticks, not unlike thoſe 
priſmatical bodies into which ſalt- peter ſhoots; and the parts of 
this ice that were beneath the water ſhot into thin parallel plates, ex- 
ceeding numerous, but nothing reſembling trees, by the incineration 
whereof Polonian pot-aſhes are made. 

Bart holine, indeed, ſays, that the water wherein cabbage has been 
boiled, will, when frozen, repreſent a cabbage; the vegetable ſpirits 
being, as he ſuppoſes, concentrated by the cold. How well this experi- 
ment may ſucceed when made in a cold country I know not; but fil- 
tring a ſtrong decoction of cabbage thro* cap-paper, we froze it in 
a thin glaſs-vial by means of ſnow and ſalt; the ice did not ei- 
ther appear to have any thing in it like a cabbage, or remarkably dit- 
- ferent from other ice. And we afterwards expos'd a decoction of the 
fame, to be congeal'd by the nocturnal air; but neither this way did 
the experiment ſucceed. And tho” once a few ounces of the deco&ion 
being lightly frozen in a vial, there appear'd in the thin ice that ad- 
her'd to the infide of the glaſs, a figure not very unlike that of a 
cabbage-leaf; (and perhaps ſome ſuch accident may have invited our 
learned author to think, that the repreſentations of cabbages wou'd 
conſtantly appear in their frozen decoctions;) yet this configuration 
ſeem'd only caſual; for by freezing the decottions of ſeveral herbs, 
ſome of them fpirituous enough, as roſemary, peny-royal, &c. the ice 
| obtain'd from them, gave me no conviction of the truth of the tra- 
dition we are examining. On the contrary, I have, more than once, by 
freezing fair water after a certain manner, obtain'd ice, that ſeem'd 
much more to reſemble vegetables, than any decoctions of them that 
I ever try'd. And particularly, I ſometimes found, that by putting 
hot water into a ſlender glaſs cylinder, and agitating it in our frigorific 
mixture, ſo that it was very ſpeedily frozen thereby, it was congca'ed 
into an ice much more regularly and prettily figured than I have ſeen 
from the waters impregnated with the fixed falt of plants, or even of 
nettles ; tho” that is ſo much boaſted of, In ſhort, a luxuriant fancy may 
produce apparitions in ice, which a more judicious ob:erver cannot ſee. 
That a vaſt variety of figures are produced by congelation, no body de- 
nies ; the ſame, alſo, happens in chymical preparations, and they will 
—_— appear regular; but *tis plain, their generation is purely ca- 
ual, 
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Tis remarkable, that while the cold has ſtrange and tragical effects 
at Moſcom, and elſewhere, the Ruſſians and Livonians ſhould be ex- 
empt from them, who accuſtom themſelves to paſs immediately from a 


great degree of heat, to as great an one of cold, without receiving any viſible 


prejudice thereby. I remember, being told by a perſon of unqueſtionable 
credit, that it was a common practice among them, to go trom a hot 
ſtove into cold water; the fame was, alſo, affirmed to me, by another 
who reſided at Aeſcow: this tradition is likewiſe abundantly confirmed 
by Olearius. © Tis a ſurprizing thing, © ſays he,” to ſee how far the Ruſſians 
scan endure heat; and how, when it makes them ready to fait, they 
te go out of their ſtoves, ſtark naked, both men and women, and throw 
« themſelves into cold water; and even in winter wallow in the ſnow.” 

I had ſeveral years ſince the curioſity to try, whether there were a 
truth in the tradition, that the rays of the moon are cold; but not- 
withſtanding all my care to make trials in clear weather, when the moon 
was about the full, and with the aſſiſtance of a thermometer, I could 
not perceive, by any concentration thereof, even upon a black object, 
that her light produced any ſenſible degree either of heat or cold: but, 

erhaps, others with very large glaſſes may be more ſucceſsful. I cannot, 

owever, help ſuſpecting, that the learned phyſician Sanctoriut, miſtook in 
aſſerting the light of the moon to be conſiderably hot, when thrown thro' 
a burning-glaſs upon the ball of a common weather-glaſs; whereby, he 
ſays, the water was conſiderably depreſſed, as appeared ro many of his 
diſciples, in a circle of whom the obſervation was made. For my 
glaſs was much better than his ſeems to have been; and my trials 
were, perhaps, as carefully and impartially made as his. But, probably, 
his ſcholars, whilſt they ſtood round his thermometer, and ſtooped to 
ſee, by ſo dim a light, the event of the experiment ; the unheeded warmth 
of their breath and bodies might, unawares to Sanctorius, affect the air 
included in the weather-glaſs, and caule that depreſſion of the water, 
which. he aſcribed to the moon's heat. | 

We took a ſealed weather-glaſs, about ten inches long, furniſhed with 


ſpirit of wine; and having cauſed a hole to be made in the cover of a 
box, juſt wide enough for the ſmaller end of the glaſs to be thruſt 
inat, we inverted the thermometer into it, ſo that the ball reſted upon 


the cover, and the point tended directly downward ; then we placed 
about the ball, a little ice and falt, and thereupon obſerved: the tin- 
ged ſpirit, in a very few minutes, to aſcend above an inch higher than its 
former ſtation ; and it would, perhaps, have riſen farther, if the applica- 
tion of the frigorific mixture had been continued : by which, and ano- 
ther ſucceeding experiment, made to the ſame parole, it ſeems the 
condenſation of liquors by cold, is not always effected by their pro- 


per gravity only, which may uſually ſuffice to make the parts fall cloſer 


together: but whether in our caſe, the contraction be aſſiſted by ſome 


Uttle tenacity in the liquor, or by the ſpring of ſome little aerial or other 


{pirituous 
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ſpirituous and elaſtic particles, from which the inſtrument was not perfectly Puyscs- 
freed when ſealed up, or which happened to be generated within it al aW 


terwards, remains to be enquired into. | 

There is a famous tradition in Muſcovy, and ſome other cold countries, 
that *tis'uſual, out of ponds and rivers, to take great numbers of be- 
num'd ſwallows, incloſed in pieces of ice; upon thawing whereof, in a 
warm room, the birds come to themſelves, and fly about amazedly for 
a while, but not long ſurvive ſo great and ſudden a change. This pheno- 
menon I have been aſſured, by a perſon of honour, who was commanded 
by a great prince to inquire into the truth of it, was affimed to him as 
certain by the moſt eminent and ſober perſons he could meet with. And 
an intelligent perſon of quality in Poland: acquainted me, that in the 
parts where he liv'd, it was a very general and unqueſtion'd opinion, that 
ſuch birds often hid themſelves, all the winter, under water, in ponds, 
lakes, and ſedgy places, and that the fiſher- men draw them up in the man- 
ner already mentioned. But as for their being taken up in ice, he told 
me, he had not heard of it; tho' I ſee not why, in caſe they commit 
themſelves to ſhallow waters, as thoſe of ponds and ſedgy places often 
are, a ſharp laſting froſt may not, ſometimes, reach them. And, there- 
fore, what left me the greateft ſcruple abont this tradition, was, that 
this curious gentleman could not affirm, he had ever ſeen any example 
of the thing he related. 

It is a tradition handed down and received from Arifotle, that hot wa- 
ter will ſooner freeze than cold. But I could never find any truth in the 
aſſertion. 

We took three porringers near of the ſame ſize, and filled one with 
cold water, another with water that had been boiled, but was now mo- 
derately cool, and a third with hot water, and expoſed the three to- 
gether in the ſame place, to the freezing air, at half an hour after eight 
a clock, and found the porringer of cold water began to freeze at + 
after ten. That which contained the water that had been heated and 
cooled again, began to freeze at 4 paſt ten; and that which contained 
the hot water, at half an hour after eleven; ſo that all froze within the 
compaſs of two hours: yet the cold water began to freeze an hour and 
a quarter ſooner than the hot. Thele were earthen porringers, but [I 
alſo made the experiment in others of metal; and then, too, the cold 
water began to freeze, both before that which had been heated, and 
cooled again, aud long before the hot. Another time I meaſured the 
water out by ſpoonfuls, into porringers, that the quantities of water 
might not be conſiderably unequal; and then, alſo, the cold water froze a 
conſiderable while before the hot. Upon repeating the experiment with 
greater caution, the cold water being put out with the reſt at4 after fix, 
it began to freeze before an hour after ſeven. The water heated and cooled 
again began to freeze at 4 after ſeven ; and theſe having ſtood for a pretty 
while by me, I ſent for the hot water, and found it not to be 3 
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leaſt frozen at half a quarter after eight. So that ſuppoſing it to con- 
tinue half a quarter of an hour longer, before the beginning of its 


. congelation, as it afterward did at the leaſt, it was twice as long, ere 
it began to freeze, as the cold water had been. By which we ſee how 
e 


well their labour was beſtowed who have puzzled themſelves and others 
to aſſign the reaſon of a phenomenon that might eaſily have been found 
upon trial to be chymerical. 

I have been the more circumſtantial in theſe trials, that I might ex- 


preſs a civility to Ariftotle; and becauſe artificial congelations are not fo 


proper for this purpoſe. For having formerly taken two pipes of glaſs made 
on the ſame cylinder, that they might be of an equal bore, ſealed each of 
them at one end, filled them to the ſame height, and then ſtirred them 


together in a mixture of beaten ice, water and falt, I found both 


parcels of water to freeze too ſuddenly, to ſhew a notable diſparity in 
the time they remain*'d uncongealed. Having made the ſame experiment 
with ſlender glaſs pipes, and for greater caution, put the hot water firſt into 
one glaſs, then into the other, we once found that the hot water froze 
firſt; which wondering at, we examined the glaſſes, and perceiving one 
of them to be more conical where it had been ſealed than the other, it ap- 
peared that the water in this part, being ſuddenly frozen by reaſon of 


the ſlenderneſs of the glaſs, there accelerated the congelation of the reſt. 


Tis faid, indeed, by a commentator upon Ariſtotle, that his experi- 
ment will ſucceed, if by heated water we underſtand water that has 
been heated and ſuffered to cool again, till it be reduced to the tem- 
per of other cold water ; for this refrigerated water, he ſays, he has found 


to congeal much ſooner than the other ſort. But this, I confeſs, I am 


very unapt to believe. For having often cauſed cold water to be expoſed 
to the air in froſty weather, together with ſome which had been heated 
and cooled again, the events did not anſwer this aſſertion ; tho? due re- 
gard was had to the moſt conſiderable circumſtances in ſuch an experi- 
ment. But for farther ſatisfaction, we took two porringers of the lame 
ſize and ſhape, one of which, we almoſt filled with common cold water, 
and the other with an equal quantity of ſuch as had been heated and 
cooled again ; this done, I appointed one to examine the tempers of theſe 
waters with an exact weather-glaſs; and being both reduced to the ſame 
temper, they were expoſed to a very ſharp air, and watched by the ſame 
perſon, who finding them begin to freeze, as it were at the very ſame 
inſtant, brought the two porringers to me, in each of which, I ſaw the 
bear beginning of congelation in the upper ſurface of the waters, where 
they were continguous to the containing veſſels. 

It is a current, and almoſt univerſal tradition, that when ponds or 
rivers are frozen over, unleſs the ice be ſeaſonably broke in ſeveral places, 
the fiſh contain d therein will die for want of air; but whether this 
be well grounded, I dare not determine till farther trial has been made : 
for that fiſh cannot live without any more air than they find interſperſed 
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in the water where they ſwim, hasnot, that I know of, been ſufficiently pursies- 
prov'd; and, poſſibly, there may be other reaſons aſſign d of the death of 


the fiſh in ponds frozen by very ſharp froſts. For who knows what the 
locking up of ſome kinds of ſubterraneal ſteams, that freely aſcend thro” 
fluid water, may do towards vitiating and infecting it? Perhaps, allo, the 
excrementious ſteams that inſenſibly itſue out of the bodies of the fiſh, may, 
by being pent up, contribute, in fome caſes, to render the water noxious. For 
being deſirous to learn, from a perſon curious in preſerving and tranſport- 
ing fiſh, whether ſome fiſh would not quickly languiſh, grow ſick and 
die, if the water they ſwam in, were not often ſhitted ; he aſſured me, 
ſome kinds of them would: and it has not yet, that I have heard of, been 
tried, whether, tho' ponds ſeldom freeze to the bottom, yet the water 
that remains under the ice, may not, even whilſt it continues uncon- 
gealed, admit a degree of cold, that tho* not great enough to turn wa- 
ter into ice, may yet deſtroy fiſh within leſs time than the ſurface of a 
pond often continues frozen. 

To try whether ice, by denying acceſs to th2 air, would deſtroy 
fiſh, I procured a glaſs veſſel with a large belly, and a long ſlender 
neck; and having filled it with water, and ſome live gudgeons, we paſs d 
the neck of itthro'a hole that was made in the midſt of a metalline 
plate; which ſerved alſo to ſupport a mixture of ice and falt, 


applied round about the extant parts of the glaſs. By this contrivance, 


propoſed to myſelf a double advantage; firſt, that as in broad veſſels, 
one cannot, eaſily, be certain that the ſurface of the water is quite 
frozen over in every part, I could thus ſatisfy my ſelf of that, by in- 
verting the glaſs, and obſerving that the ice had ſo exactly choaked up the 
neck, that not a drop of water could get out, nor any bubble of air get 
in, and yet the fiſh have liberty to play in the fubjacent waters. Secondly, 
the frigorific mixture, being here applied to the neck, none of the 
water was congealed, or extremely refrigerated, but that which lay in 
the neck; ſo that there ſeemed no cauſe to ſuſpett, that if the fiſh ſhould die 
in the water, it was rather cold than want of air that killed them. Put 
having not proſecuted theſe trials, to the utmoſt, I ſhall lay no great 
ſtreſs upon them; yet I remember that the included fiſh, at this time, 
continued long enough alive, to make me ſtrongly ſuſpett the truth of 
the vulgar opinion. 

I afterwards cauſed ſome of the ſame kind of fiſh to be put into a broad 
and flat earthen veſſel, with but little more water than ſufficed to cover 
them; and having expoſed them all night to a very intenſe degree of 
cold, I found them the next morning alive, and ſeeming not to have 
deen much prejudiced, either by the cold, or excluſion of air. Tis 
true, there was a very large moveable bubble under the ice, that ſeemed 
to have been generated by the air, or ſome analogous ſubſtance, emit- 
ted out of the gills, or bodies of the fiſh; for the ſurface of the 


water was exactly frozen over. And that this bubble might poſſibly 
proceed 
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Parsics, proceed from the fiſh themſelves ; I the rather ſuſpe&, becauſe, having, 
Vat different ſeaſons of the year, kept ſeveral forts of fiſh, for many days, 


in glaſs veſſels, I have often een them raiſe their mouths above the 
{uriace of the water, and there ſeem to gape for air, and aſterwards let 
go, under water, out of their mouths and gills, ſeveral bubbles, which 
ieem'd to be portions of the air they had thus taken in. And particu- 
larly, in lampries, I have with pleaſure obſerved, that being taken ou: 
of the water into the air, and then held under water again, they very ma- 
nifeftly appeared forcibly to ſqueeze out of thoſe ſeveral- little holes 
which are commonly miſtaken for their eyes, numerous bubbles of air. 
But to ſatisſy my ſelf further what degree of cold and want of air theſe 
gudgeons might ſupport, I expoſed two of them in a balon of water, 
to an exceeding ſharp night, and the next day found the ice frozen in 
the veſſel, to a great thickneſs, and one of the fiſh frozen up in it, 
while there remain'd only a little of the water unfrozen, wherein the other 
fiſh ſwam : and the ice being afterwards partly thaw'd and partly broken, 
not only the latter was found very lively, but the other, which tho 
when the ice was broke, it lay moveleſs, did, in a few minutes, ſo far 
recover, as to drag after it a large piece of ice, into which its tail re- 
mained inſerted. And tho? one of theſe, and ſome other gudgeons that 
had been already weakened, by long keeping, were once more expoſed 
to the froſt, in the baſon, and ſuffered to lye there till they were frozen 
up; yet the ice, in which they were incloſed, being broken, their bo- 
dies were grown {tiff and crooked, and ſeemed to be quite dead, for 
they lay upon their backs in the water, yet one of them quickly reco- 
vered, and the other, not very long after, began to man'feſt ſigns of life ; 
tho? he could not, in many hours, ſo far recover, as to {wim upon his 
belly. *Tis true, that theſe fiſh did not long ſurvive ; but two or three 
probable reaſons might be aſſign'd for that; and particularly the ice they 
had been frozen up in had wounded them, as was manifeſt by ſome 
hurts that appeared upon their bodies. Some other gudgeons were 
irrecoverably frozen to death, by being kept incloſed in ice for three 
days. I likewiſe cauſed a couple of frogs; to be artificially frozen in a 
wide-mouth'd glaſs, furniſhed with a convenient quantity of water; but 
tho' they ſeemed, at firſt, to be incloſed in ice, yet looking nearer, 
I found that about each of them there remained a little turbid liquor 
unfrozen; as if it had been kept ſo by ſome expirations from their bodies. 
Wherefore cauſing them to be carefully frozen, and for a conſiderable time, 
I found, that notwithſtanding the ice, into which moſt part of the water 
was reduced, one of them, before the ice was perfectly broken, appeared 
to be alive; but the other lay moveleſs, ſtift, and with the belly up- 
wards, in a baſon of cold water, wherein it lay caſt; tho' in a very 
few minutes, he began to ſwim about therein. Upon the whole, tho' 
the tradition we have been examining, may, perhaps, have ſomething 
of truth in it; yet it ſeems to deſerve a farther inquiry, both in regard 
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to the matter of fact, and to the cauſe of the effect. 


That inow, lying long on the ground, greatly conduces to the fertili- CSYJ 


zation thereof, is a common obſervation of our husbandmen; and Bar- 
tholine, in his treatiſe of the uſe of ſnow, brings ſeveral paſſages out of 
authors to make it good; to which I ſhall add the teſtimony of Dr. He- 
cher, who ſpeaking of the fruitfulneſs of the ſoil in Ruſſia ſays, © this 
« freſh and ſpeedy growth in the ſpring, ſeems to proceed from the 
& ſhow ; which, during the winter, being ſpread over all the country, 
« keeps it warm from the froſt ; and in the ſpring, throughly drenches 
ce and ſoakes the ground, which is of a ſandy nature.” | 

I thought it might give ſome light into the nature of cold, to try 
whether two liquors, by being mixed together, and loſing their fluidity, 
ſo far as to obtain the conſiſtence of an unguent, would produce any 
ſenſible degrees of that quality. This I attempted by immerſing, for a 
competent time, the ball of a tender ſealed weather-glaſs, into each of 
the liquors apart; and then into the ſoft mixture, compoſed by their 

uniofl. But tho” a ſtrong ſolution of. minium, or calcined lead in ſpirit 
of vinegar, or a very ſtrong infuſion of good quick-lime in water, will, 
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either of them, coagulate a juſt proportion of good fallet oil into ſuch 


a conſiſtence; yet for want of a ſealed thermometer, ſufficiently tender, 
I cannot now _ the experiment ; therefore dare not draw any con- 
cluſion from it: tho” if I remember well, upon ſhewing one of theſe mix- 
tures to an ingenious perſon, neither he nor I could perceive, that the 

liquors, by being deprived of their fluidity, had required any degree of 
coldnels, diſcoyerable by a ſcaled weather-glaſs. 


XXV. 


It has long been ſuppoſed agreeable to the wiſdom of nature, that cold The vulgar vo- 
and heat ſhould both of them be endued with a ſelt- invigorating power, ben of an an- 


which each might exert when ſurrounded by its contrary ; and thereby 
prevent their mutual deſtruction. Thus tis ſuppoſed, that in ſummer, the 
cold expelled from the earth and water by the ſun's ſcorching beams, 
retires to the middle region of the air, and there defends it ſelf againſt the 
heat of the fuperior and inferior. And thus, alſo, in ſummer, when the air 
about us is ſultry hot, we find, that cellacs and vaults, have the oppoſite 
quality; ſo, in winter, when the external air freezes the lakes and rivers, 
the internal air, in the ſame vaults and cellars, becomes the ſanctuary of 
heat : and water, freſh drawn out of the deeper wells and ſprings, 
in a cold ſeaſon, not only feels warm, but manifeſtly ſmokes. And 
having purpoſely inquired of ingenious men, who had been very 
deep under ground, ſome in coal-pits, and ſome in mines, one of them 
affirmed, that at the bottom of a groove, he found it very hot in Sep- 
tember ; another, that he often, in ſuch places, found it hot enough ta 
be troubleſome in winter ; and a third, who is a maſter of mines, that he 


found them hot all the year long. And to manifeſt, that ſuch ob- 
WM EVE ſervations 


riper iſtaſis exe 
ami ned. 


650 


Experiments and Obſervations upon Cold. 


Pyysrcs, ſervations will hold, even in cold regions, Captain James, giving an account 


of Charleton iſland, ſays © that his men found it more mortifying cold 
© to wade thro' the water in the beginning of June, when the ſea was 
ee full of ice, than in December, when it was increaſing. ” © He adds” 
cc that from their well, out of which they had water in December, they had 


& none in Fuly.” And to ſtrengthen the obſervation yet further, an in- 


genious phyſician, who liv'd ſome years in, and about Moſcon, told me, 
he has there ſeen ſome ſprings, whoſe water froze not at all near the 
ſpring-head, but that, at a great diſtance from thence, it began to be thinly 
cas'd over with ice. He added, that his own well was about fix fathom 
deep, from the ſurface of the earth, to that of the water; that the 
water in it was about three or four fathom deep; that this well 
froze not all the winter; nor the well of his neighbour, which was but 
one fathom deep to the ſuperficies of the water; and that when a bucket 
of water was- newly drawn, it would, if agitated, ſmoke ; but that from 
the well it ſelf, when the water in it was left quiet and undiſturb'd, he 
did not perceive any ſmoke to riſe. | 
And having purpoſely inquired, whether, in the winter, he found it as 
hot in cellars at Moſcow, as it uſually is in that ſeaſon in ours; he anſwered, 
that when the doors and windows were carefully ſhut, to hinder 
the immediate commerce betwixt the included and external air, he of- 
ten found, if he ſtay'd long in his cellar, it would not only defend him 
from the ſharpneſs of the Ruſſian cold, in winter, but keep him almoſt in 
a ſweat, tho? he laid afide his furs. So that if we may rely upon the 
teſtimony of our ſenſes, tis argued, we muſt neceſſarily admit cellars 
to be warmer in winter than in ſummer, and conſequently allow an 
Antiperiſtaſis. | | 
But conſidering the reaſon of the thing abſtracted from the ex- 
periments that are pretended to prove an Antipe riſtaſis, it ſeems very ra- 
tional to reject it. For in the firft place, according to the courſe of na- 
ture, one contrary ought to deſtroy, not to ſtrengthen another. And 
next, tis a maxim, that natural cauſes always act as much as they 
can. And certainly, as to our caſe, wherein we treat not of living creatures, [ 
cannot but think the axiom phyſically demonſtrative. For inanimate 
agents act not by choice, but by a neceſſary impulſe ; and not being 
endow'd with underſtanding and will, they cannot, of themſelves, be able 
to moderate or ſuſpend their actions. Nor is there any danger, that 
cold and heat, whoſe cauſes are ſo rooted in nature, ſhould be loſt 
in the world, tho* each parcel of matter, that happens to be 
ſurrounded with bodies, wherein a contrary quality reigns, were not 
endowed with an incomprehenſible faculty of ſelf-invigoration. And 
nature either does not need the help of this imaginary power, or 
often has recourſe to it to very little purpoſe: ſince we ſee, that tho 
theſe qualities ſubſiſt in the world, yet, in fact, bottles of water, 
wine, and other liquors, carried up and down in the ſummer, are re- 
gularly warmed by the ambient air.. And in Muſcovy, and _— 
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cold northern countries, men, and other animals, have often their vital Puxsres. 
heat deſtroyed by the cold that ſurrounds them, being thereby actually A 


frozen to death. And I wonder, that the followers of Ariſtotle ſhould not 
take notice of that famous experiment, whereby he pretends, that hot 
water will ſooner congeal than cold. For if the matter of fact were 
true, it would ſufficiently manifeſt, that the heat liarboured in the 
water, is deſtroyed, not invigorated by the coldneſs of the air that ſur- 
rounds it. And tho' it is true, that white ſurrounded with black, 
or black with white, becomes thereby the more conſpicuous ; yet *tis 
acknowledged, that there is no real increaſe, or intenfion of either 
quality, but only a comparative one in regard to our ſenſes, obtained 
by this compariſon. Nor does a pumice-ſtone grow more dry than it 
was in the fire or earth, by being transferred into the aic or 
waterz and conſequently ſurrounded with either of thoſe two fluids, 
which the ſchools teach to be moiſt elements : neither will a piece of 
dim glaſs become really more tranſparent, tho' one ſhould ſet it in a 
frame of ebony. *Tis commonly, indeed, alledged, as a proof of the 
power nature has given bodies of flying their contraries, that drops 
of water, falling upon a table, will collect into little globes, to avoid 
the contrary quality in the table, and keep themſelves from being 
ſwallowed up by the dry wood : but the cauſe pretended, has no in- 
tereſt in the effect; for little drops of water, where the gravity is 
not great enough, to ſurmount the action of the ſurrounding fluid, if 
they meet with ſmall duſt upon a table, gather it up as they roll along, 
and their ſurfaces being covered with it, do not immediately touch the 
board, which elſe they would ſtick to. And to ſhew that the globular 
figure, which the drops of water, and other liquors, ſometimes acquire, 
proceeds not from their reſiſting of dryneſs, but either from their being 
every way preſs'd, at leaſt, almoſt equally by ſome ambient fluid, of 
a diſagreeing nature, or from ſome other caule differing from that the 
ſchools would aſſign; the drops of water which ſwim in oil, fo as to 
be ſurrounded with it, will be, likewiſe, globular ; yet oil is a true 
moiſtening liquor as well as water. And the drops of quick-filver, tho” 


upon a table they are more diſpoſed than water, to gather into a # 


round figure, yet that they do it not as humid bodies is evident ; be- 
cauſe quick- ſilver broken into drops, will ſhew moſt of them globular, 
not only in oil, but in water. And that it is from the incongruity 
it has to certain bodies, that its drops refule to ſtick to a table, 
but gather themſelves into little ſpheres, as if they deſign'd to 
touch the wooden plain in a point, appears, becauſe, tho* the 
ſame drops will retain the ſame figure on ſtone or iron, yet they 
readily adhere to gold, and loſe their ſphericity upon it; tho' gold be 
a much drier body than wood, which, as far, as diſtillation manifeſts, 
muſt contain numerous humid parts of ſeveral kinds. But as to tne 
Antiperifiaſis of cold and heat, the Peripatetics talk of thoſe qualities being 
each ſurrounded by its oppoſite, as err of them had an RS 
ttt 2 an 
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puvsics. ſervations will hold, even in cold regions, Captain James, giving an account 
of cCharleton ifland, ſays “ that his men found it more mortifying cold 


© to wade thro' the water in the beginning of June, when the ſea was 
“e full of ice, than in December, when it was increaſing. ” © He adds“ 
ce that from their well, out of which they had water in December, they had 


& none in July. And to ſtrengthen the oblervation yet further, an in- 


genious phyſician, who liv'd ſome years in, and about Meſcom, told me, 
he has there ſeen ſome ſprings, whoſe water froze not at all near the 
ſpring-head, but that, at a great diſtance from thence, it began to be thinly 
cas'd over with ice. He added, that his own well was about fix fathom 
deep, from the ſurface of the earth, to that of the water ; that the 
water in it was about three or four fathom deep; that this well 
froze not all the winter; nor the well of his neighbour, which was but 
one fathom deep to the ſuperficies of the water; and that when a bucket 
of water was newly drawn, it would, if agitated, ſmoke ; but that from 
the well it ſelf, when the water in it was left quiet and undiſturb'd, he 
did not perceive any ſmoke to riſe. | 

And having purpoſely inquired, whether, in the winter, he found it as 
hot in cellars at Moſcow, as it uſually is in that ſeaſon in ours; he anſwered, 
that when the doors and windows were carefully ſhut, to hinder 
the immediate commerce betwixt the included and external air, he of- 
ten found, if he ſtay'd long in his cellar, it would not only defend him 
from the ſharpneſs of the Ruſſian cold, in winter, but keep him almoft in 
a ſweat, tho? he laid aſide his furs. So that if we may rely upon the 
teſtimony of our ſenſes, tis argued, we muſt neceſſarily admit cellars 
to be warmer in winter than in ſummer, and conſequently allow an 
Antiperiſtaſis. | 

But conſidering the reaſon of the thing abſtracted from the ex- 
periments that are pretended to prove an Antiperiſtaſis, it ſeems very ra- 
tional to reje& it. For in the firft place, according to the courſe of na- 
ture, one contrary ought to deſtroy, not to ſtrengthen another. And 
next, tis a maxim, that natural cauſes always act as much as they 
can. And certainly, as to our caſe, wherein we treat not of living creatures, l 
cannot but think the axiom phyſically demonſtrative. For inanimate 
agents act not by choice, but by a neceſſary impulſe ; and not being 
endow'd with underſtanding and will, they cannot, of themſelves, be able 
to moderate or ſuſpend their actions. Nor is there any danger, that 
cold and heat, whoſe cauſes are ſo rooted in nature, ſhould be loſt 
in the world, tho* each parcel of matter, that happens to be 
ſurrounded with bodies, wherein a contrary quality reigns, were not 
endowed with an incomprehenſible faculty of ſelf-invigoration. And 
nature either does not need the help of this imaginary power, or 
often has recourſe to it to very little purpoſe: ſince we ſee, that tho 
theſe qualities ſubſift in the world, yet, in fact, bottles of water, 
wine, and other liquors, carried up and down in the ſummer, are re- 
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cold northern countries, men, and other animals, have often their vital Puysrcs. 
heat deſtroyed by the cold that ſurrounds them, being thereby actually LFYRJ 
frozen to death. And 1 wonder, that the followers of Ariſtotle ſhould not | 
take notice of that famous experiment, whereby he pretends, that hot 
water will ſooner congeal than cold. For if the matter of fat were 
true, it would {ſufficiently manifeſt, that the heat harboured in the 
water, is deſtroyed, not invigorated by the coldnels of the air that ſur- 
rounds it. And tho' it is true, that white ſurrounded with black, 
or black with white, becomes thereby the more conſpicuous ; yet tis 
acknowledged, that there is no real increaſe, or intenſion of either 
quality, but only a comparative one 1n regard to our ſenſes, obtained 
by this compariſon. Nor does a pumice-ſtone grow more dry than it 
was in the fire or earth, by being transferred into the air or 
water; and conſequently ſurrounded with either of thoſe two fluids, 
which the ſchools teach to be moiſt elements : neither will a piece of 
dim glaſs become really more tranſparent, tho' one ſhould ſet it in a 
frame of ebony. Tis commonly, indeed, alledged, as a proof of the 
power nature has given bodies of flying their contraries, that drops 
of water, falling upon a table, will collect into little globes, to avoid 
the contrary quality in the table, and keep themſelves from being 
ſwallowed up by the dry wood: but the cauſe pretended, has no in- 
tereſt in the effect; for little drops of water, where the gravity is 
not great enough, to ſurmount the attion of the ſurrounding fluid, if 
they meet with ſmall duſt upon a table, gather it up as they roll along, 
and their ſurfaces being covered with it, do not immediately touch the 
board, which elſe they would ſtick to. -And to ſhew that the globular 
figure, which the drops of water, and other liquors, ſometimes acquire, 
proceeds not from their reſiſting of dryneſs, but either from their being 
every way preſs'd, at leaſt, almoſt equally by ſome ambient fluid, of 
a diſagreeing nature, or from ſome other caule differing from that the 
ſchools would aſſign; the drops of water which ſwim in oil, fo as to 
be ſurrounded with it, will be, likewiſe, globalar ; yet oil is a true 
moiſtening liquor as well as water. And the drops of quick-ſilver, tho 
upon a table they are more diſpoſed than water, to gather into a £ 
round figure, yet that they do it not as humid bodies is evident; be- 
cauſe quick-ſilver broken into drops, will ſhew moſt of them globular, 
not only in oil, but in water. And that it is from the incongruity 
it has to certain bodies, that its drops refule to ſtick to a table, 
but gather themſelves into little ſpheres, as if they defign'd to 
touch the wooden plain in a point, appears, becauſe, tho* the 
lame drops will retain the ſame figure on ſtone or iron, yet they 
readily adhere to gold, and loſe their ſphericity upon it; tho' gold be 
a much drier body than wood, which, as far, as diſtillation manifeſts, 
muſt contain numerous humid parts of ſeveral kinds. But as to the 
Antiperiſtaſis of cold and heat, the Peripatetics talk of thoſe qualities being 
each ſurrounded by its oppoſite, as if both of them had an underſtanding, 
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and foreſight, that in caſe it did not gather up its 133 and guard 
againſt its antagoniſt, it muſt infallibly periſh ; which is to transform 
phyſical agents into moral ones. And as reaſon declares againſt the com- 
mon opinion, ſo experiment alſo may be alledged againft it. 

The grand experiment, which a late champion for Antiperiſtaſis, makes 
his leading argument to eſtabliſh it, and which is ſo generally urged 
on that occoſian, ariſes from the heating of quick-lime in cold wa. 
ter. Now, I cannot but here admire at the 1+zineſs and credulity of man- 
kind, who have ſo long, and generally acquieſced in what they might ſo 
eaſily have found to be talfe ; for if, inſtead of cold water, you quench 
the lime with hot water, the ebullition will be, oftentimes, far greater 
than if the liquor were cold. And this might well be expected; 
hot water being much fitter than cold, ſuadenly to pervade the body 
of the lime, and haftily diſſolve, and ſet at liberty the fiery and ſaline 
parts, wherewith it abounds. And what a greater intereſt ſalts may 
have in producing ſuch heats than cold, I have alſo tried by pouring acid 
ſpirits, and, particularly, ſpirit of ſalt upon good quick-lime. For by this 
means there would be a far greater degree of heat excited, than if 
I had uſed common water: and this, whether I employ'd the ſpirit 
cold or hot. For in either caſe, ſo ſmall a portion, as about the 
bigneſs of a wallnut of lime, put into a ſmall plaſs, would, by the 
gradual addition of a little ſpirit of ſalt, both hiſs, ſmoke, and boil 
very ſurprizingly ; and notwithſtanding the ſmall quantity of the matter, 
conceive ſo great a heat, that I was not able to hold the glaſs in 
my hand. And to ſhew how little, heat excited in quick-lime by 
cold water, proceeds barely from the coldneſs of that liquor; I cauſed 
a parcel of good lime to be beaten ſmall, and putting one part of 
it into a glaſs veſſel, I drench'd it plentifully with oil of tine, 
more than it would imbibe; the other portion I likewiſe drench'd 
with common water; and both theſe liquors having ſtood in the ſame 
room, that they might be reduced to a like degree of coldneſs, the 
event was, that the oil of turpentine, notwithftanding its actual 
coldneſs, and the great ſubtilty and penetrancy of parts, which it has 
in common with other chymical oils, being of an unfit texture, ſeem'd 
not to make any diffolution of the powdered lime; and did not, for 
ſeveral hours, that I kept it, produce any ſenfible heat therein ; 
whilſt that part on which common water had been poured, ſoon 
conceived ſo ftrong a heat, that it broke a large open-mouth'd-glaſs, 
into the bottom whereof it was put; and not only grew fo hot, that 
I could not endure to hold it in my hand, but ſent out at the 
mouth of the glaſs, tho* that were confiderably diftant from the lime, 
a large white fume, fo hot, that I could not bear to hold my hand 
over it. And to prevent an objection, which I foreſaw might be raiſed 
againſt the experiment made with oil of turpentine, from the oleaginous 
nature of that liquor ; I covered a piece of the ſame fort of quick-lime, 
with highly reftified ſpirit of wine: but tho' I left them together oy 
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night, yet I perceived not, that the liquor had at all flaked the lime, Paysics. 
which continued in an intire lump, till ſubſtituting common water, it 


quickly appeared to be ſlaked, and fell aſunder into a kind of minute 
white powder. 

In freezing a baſon to a joynt-ſtool, with a mixture of ſnow and 
ſalt, by the fire-ſide, tis pretended, that the fire ſo intends the cold, 
as to enable it to congeal the water, that ſtagnated upon the ſurface 
of the ſtool, betwixt that and the bottom of the veſſel. But how 
little need there is of Aunt in this experiment, appears from 

ely made it with good ſucceſs, in a place 
where there neither was, nor ever probably had been, a fire : and this 
trial I could confirm by ſeveral other experiments of the like nature ; 
but this one is ſufficient. | 

"Tis farther delivered for fact, that if, having almoſt filled a large pot 


with ſnow, and placed in the middle of the ſnow a vial full of water, 


this pot be put over the fire, the coldneſs of the ſnow will be ſo 
increaled by the heat, from which it flies into the water, as to 
turn that liquor into ice. But tho* I ſeveral times tried the experi- 
ment, yet neither in earthen, nor in filver veſſels, could 1 ever 
produce the promiſed ice. And I remember, that a very learned man, 
who wondered to find me ſo diffident of what he ſaid he knew to 
be true, readily undertook to convince me by ocular proof; but with 
no better ſucceſs than I had before. 

And in caſe the trial ſhould ſucceed, ſome time or other, yet will 
there be no neceſſity of deriving the effect from Antiperiſtaſu. For 
tho' the fire would then contribute to the effect, by haſtening the diſ- 
ſolution of the ſnow, yet the heat of the fire does but remotely, 
and by accident, cauſe the production of ice; ſince other agents will 
do the ſame thing, that are qualified to make a quick diſſolution 
of the ſnow, whether they be hot or not; as ſpirit and crude ſalt of 
nitre, will, either of them, by a due application, bring ſnow, by 
diſſolving it, to congeal water; tho? the ſpirit and the nitre be gene- 
rally agreed upon to be actually cold, and one, if not both of them, 
to be potentially cold too. 

Having thus diſpatch'd the experiments pretended to prove an An- 
riperiſtaſis, 1 ſhall next examine the obſervations, alledged to that 
purpoſe ; of which the principal are, the coldneſs of the middle region of 
the air; the increaſe of men's appetite in winter the generation of hail ; 
and the heat and cold in cellars, and other ſubterraneal places, when the 


contrary quality reigns in the air. 


Io begin with the firſt of theſe. I will not now diſpute, whether 


the ſecond region of the air, havereally the coldneſs aſcribed to it: I 
ſee no neceſſity, however, oi employing an Ant iper iſtaſis, to keep the ſecond 
region of the air for the moſt part cool. Without taking in the cauſe 
imagin'd by the ſchools, an obvious and ſufficient one may be eaſily 


aſſign'd hereof, For the air being, as to ſenſe, cold of its own nature, ho 
that 
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Pars:cs. that when we feel it hot, it is made ſo by ſome adventitious agent; 
and that agent being, for the moſt part, the ſun, which heats the air 
chiefly by its reflected rays; their heat is ſo languid, by that time 
they arrive, diſpers'd, at the ſecond region of the air, as to be un- 
able to over- power its natural coldneſs, increaſed perhaps by ſome fri- 
gorific ſpirits, that may find a more commodious harbour there, than 
in other parts of the atmoſphere. And whatever be the true cauſe 
of the coldneſs in the middle region of the air, I admire to find it 
fo confidently aſcrib'd to Antiperiſtaſis, by the Ariſtotelians : for, accord- 
ing to them, *tis the nature of the air to be as well hot as moiſt ; and 
according to the ſame, both the upper region of the air always, and 
the lower in ſummer, is kept hot, the former by the neighbourhood 
of the imaginary element of fire, and the latter by the reflection of 
the ſun-beams from the earth: how therefore comes Antiperiſtaſis to 
take place here? For, as they ſay, thoſe bodies have their cold and 
heat increas'd by Antiperiſtaſis, that are on both ſides aſſail'd by others 
of a contrary quality, to that which is natural to the ſurrounded bo- 
dy; but the whole element of air, and conſequently the middle regi- 
on, being, as they would perſuade us, hot of its own nature ; what 
ſhadow of probability is there, that the higheſt and loweſt regions, 
by being hot, ſhould make the middle region, which is allo naturally 
hot, intenſely and durably cold? However, it does not appear, if 
the air be naturally rather cold, than hot, that the ſecond region muſt 
owe the intenſeneſs of that quality to an Artiperiſtaſis. For the ground 
of this opinion, being, that both the firſt and the third regions are 
conſiderably hot, I would gladly find it prov'd as to the upper re- 
gion, *Tis true, there are two reaſons alledged, to ſhew the heat of 
the higher region of the air, but neither of them ſeems cogent. The 
firſt is, its vicinity to the element of fire. But if we conſider the 
diftance of that element, which they place contiguous to the orb 
of the moon; and how little nearer to it the concave part of the up- 
per region is, than the convex of the middle, we may eaſily conceive, 
that in two diſtances, that are both of them ſo immenſe, ſo ſmall a 
diſparity cannot be more conſiderable, than the greater nearneſs of 
one ſide of a ſheet of paper held at three yards diftance from an 
ordinary fire, in compariton of the other ſide of the ſame paper; or 
than the diſtances of a ſmall wart, and of the neighbouring parts of 
the face, when a man comes within two or three yards of the fire. 
But *tis not worth while to proſecute this conſideration, becauſe the 
argument againſt which *tis alledg'd, is built upon the groundleſs ſup- 
poſition of the element of fire; a figment which many of themſelves 
are aſham'd of; and indeed its exiſtence is as little to be diſcovered by 
reaſon, as perceiv'd by ſenſe. 

The other argument for the heat of the third region of the air, 
is, that fiery meteors are kindled by it. But not here to examine, 
whether all meteors that ſhine, and therefore paſs for fiery, * _ 
indled 


Experiments and Obſervations upon Cold, 695 
kindled exhalations ; we ſee, that in the lower region of the air, Pursics- 
and in winter, thoſe fires called either Helena, or Caſtor and Pollux, 
are generated in great ſtorms, and hang about the fails and ſhrouds 
of ſhips. Nay, do not we much more frequently ſee, that lightning 
is produced at all ſeaſons of the year; for in warmer countries thou- 
ſands have obſerved it to thunder (and ſo have I in winter) in the 
middle region of the air? And if 'tis not the heat of the lower 
part of the air, that kindles thoſe exhalations; and if, notwithſtand- 
ing the coldneſs of the ſecond region, fiery meteors may be frequent- 
ly generated there; I ſee not how the production of ſuch meteors ar- 
gues the heat of the third region of the air. And if that region be 
not hot, then it will be eaſily granted, that the coldneſs of the ſe- 
cond muit very improperly be attributed to ſuch an Artiperiſtaſis, as it 
is generally aſcribed to. 

Let us next conſider that aphoriſtical ſaying of Hippocrates, © the Viſ- 
cera are hotteſt in the winter,” together with the obſervation whereon 
it ſeems to have been grounded. I will not now enquire whether any 
arguments for the contrary may be drawn from the heat and thirſt 
men feel in ſummer, and the refreſhment they then find by drinks, 
fruits, and other aliment actually cold; what I principally intend is, 
that I much more doubt the matter of fact, than that, in caſe it be 
true, it may be accounted for without the help of Antiperiſtaſis, in the 
vulgar notion of that term. 

And firſt, the proof uſually brought of the greater heat of men's 
ftomachs in winter, is, that they then have a greater appetite. But 
the aphoriſm ſuppoſes digeſtion to be made in the ſtomach by heat; 
and conſequently that the ſtronger digeſtion made in the winter, is an 
argument the ſtomach is then hotter than in other ſeaſons of the 
year. The error of this ſuppoſition, need not be ſolemnly proved, 
ſince there are ſeveral things in nature, that agree not with it, and 
particularly the ſtrong concoction made in ravenous fiſh, whole ſto- 
machs and blood are, as I have purpoſely obſerved, ſenſibly cold. But 
if it ſhould in ſome caſes prove true, that there is really in men's bo- 
dies a far greater heat in winter than in ſummer, yet this would not 
infer an Antiperiſtaſis in the ſenſe, wherein I oppoſe it. For the vital 
heat lodg'd in the heart, always generating out of the blood and juices, 
that continually circulate thro” that part, plenty of ſpirits and warm 
exhalations, which tranſpire thro* the pores of the skin in much greater 
quantities, than, notwithſtanding the affirmations of Sanctorius, any 
thing but my own trials could have perſuaded me; theſe warm fteams 
finding the pores of the skin ftraitned and ſhut up, gradually grow 
more numerous in the body, and thereby heat the ſtomach, as well as 
the other internal parts. Perhaps, allo, the ſame cooling corpulcles or 
temperature of the air, that produce cold in winter, may, by ſhutting 
in certain kinds of effluvia, or altering the motion or texture of the 
blood, reduce it to ſuch a diſpoſition, as ſhall increaſe the appetite, 
as 
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Paysics. as Well as the concoction in the ſtomach, promoted by the ſtomachical 

menſtruum, or ferment, which either is newly generated in winter, or 
more plentitully ſupplied (by the circulation of the blood) in that 
ſeaſon than in others. And to ſhew, that a keen appetite may be 
procur'd by agents endow'd with very diftintt and contrary qualities; 
aromatic ſauces, wine and vinegar, all of them, in moſt men, beget an 
appetite, tho the two former be confeſſedly hot, and the latter cold. 
And ſo wormwood, and the juice of lemmons, have both of them fre- 
quently reliev'd dull and weak ſtomachs ; tho' the one be confeſſedly a 
hot ſimple, and the other a cold one. And in ſome cafes, either the 
frigorific corpuſcles themſelves, , and perhaps ſome other unknown to 
us, brought along with them, may ſo ſollicit the ſtomach, as to cauſe 
an eager appetite, not preciſely by their being cold or hot, but by their 
peculiar nature; as we have inſtances of ſome among us, who by walk- 
ing in the ſnow, procure an inſatiable hunger. And the learned 
Fromundus relating how himſelf, by walking long on the ſnow, was 

ſurpriz d with ſuch a canine appetite, takes notice, that the chief cauſe 
of the fainting was in the ſtomach: and that he found by his own 
experience, that part diſcompos'd, twitch'd and provok'd to retch- 
ings. He adds, that he thinks the chief cauſe of the Bulimia to con- 
ſiſt in certain ſteams, that peculiarly affect the ftomach, which they 
gnaw and diſtend. And juſt before he oblerved, that ſtraining to fetch 
deep coughs is a preſent remedy in this diſtemper, by diſcharging the 
ſtomach and lungs of thoſe ſnowy ſpirits, which were either attracted 
in reſpiration, or had, ſome other way, inſinuated themſelves in thoſe 
parts: ſo that beſides the cold, abſtractedly conſider'd, the ſtomach may 
be peculiarly affected by other attendants of the frigorific corpulcles, 
that grow powerful in froſty weather. To this it well agrees, that 
ſeveral have been ſubject to a Bulimia in our climate, who endure no- 
thing near ſo great a cold, nor are ſo much diſorder'd by it, as mul- 
titudes of others, who in Nova Zembla, and other frozen regions, ne- 
ver complain'd of having contracted, even in the midſt of winter, any 
ſuch diſeaſe. 

Another argument, urg'd in favour of Antiperiſtaſis, is borrowed from 
the production of hail, which is preſum'd to be generated in ſummer 
only, not in winter; and, according to the ſchools, is made in the 
loweft region of the air, by the cold of the falling drops of rain being 
ſo highly intended by the warmth it meets with in the air near the 
earth, as to congeal the water wherein *tis harbour'd. But tho” I 
think the generation of hail hard to be well explain'd; yer I reject 
the receiv'd doctrine about it, for ſeveral reaſons. 

And firſt, *tis not univerſally true, that hail falls not but in ſum- 
mer, or very hot weather; for I have myſelf obſerv'd it to hail 
at the latter end of November; and that when ſome froſty days 
had preceded, and when the coldneſs of the weather was complain'd 
of. Nay, the longeſt ſhower of hail that I remember to have ſeen, 
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fell about a week before the end of January, on a night preceded by Pavs1cs. 
a very froſty day, which itſelf was preceded by a ſharp fit of froſty L@ Yu 
weather. And when the tedious ſhower was over, there came to the 
houſe, where I then was, a ſervant to one of my domeſtics, and re- 
lated to her maſter, and others, that ſhe was miſled ont of the bea- 
ten way, where the ſtorm found her, by an Ignis fatuus, which ſhe long 
miſtook for a common light. Now, how the noQurnal air could kin- 
dle a fiery meteor by its coldneſs, and at the ſame time congeal the 
falling drops of water into ice by its warmth, I ſhall leave the patrons 
of Antiperiſtaſis to conſider; and only add, that doubtleſs other ob- 
fervations of the like kind have been often made, tho” perhaps ſel- 
dom recorded: for within a very few weeks of this ſtorm, ſome ſer- 
vants of mine affirm'd they had obſerved it to hail two or three 
times beſides. 
Next, if Ariftotle hath rightly aſſign'd the cauſe of hail, tis ſome- 
what ſtrange it ſhould not fall far more frequently in ſummer, and eſpe- 
cially in hot climates, than it does; conſidering how often, in all pro- 
bability, the drops of rain fall cold out of the ſecond region into the 
warm air of the firſt. And more ſtrange it is, that even in thoſe 
parts of egypt, where it rains frequently enough and plentifully, 
tho? not about Grand Cairo, yet about Alexandria and Peluſium, it ſhould 
never hail no more than ſmow, as the learned Proſper Alpinus affirms. 
Beſides, as to the generation of ſnow in the upper region of the air, 
and hail always in the lower, my own obſervation has afforded me 
many inſtances that ſeem to contradict the tradition. For I have ob- 
ſerved that in many great grains of hail, beſides a hard tranſparent 
icy ſhell,” there was, as *twere, a ſnowy pith of a ſoft white ſubſtance ; 
and this ſnowy part was moſt commonly in the middle of the icy, 
but ſometimes otherwiſe. And laſtly, the favourers of Antiperiſtaſis 
would have the drops of rain in their deſcent, to be congeal'd apart 
in the ambient air; but the irregular and angular figures we often 
meet with in hail, gives little countenance to this doctrine: and hail 
often falls in grains too large by far to comply with Ariſtotle's con- 
ceit. For, not to mention the- grains of hail I have myſelf obſerved 
to be of a bigneſs unſuitable to this opinion, ſeveral eye-witneſſes 
have inform'd me of their having obſerved much greater than thoſe „ 
I have done: and particularly an eminent virtuoſo of unqueſtiona- 9 
ble credit, affirm'd to me, that he had at Lyons in France obſerv'd 1 
a ſhower of hail, many of whoſe grains were as large as ordinary | 1 
tennis- balls, and which greatly damaged the windows and tiles of the Fo 
houſes, anſwerable to that unuſual bulk. And Bartholize declares, that 
he himſelf obſerv'd, in another ſhower of hail, grains of a largar ſize; 
a ſingle one weighing no leſs than a whole pound. But tho” this it- 
{elf is little in compariſon of what I remember to have met with in 
authors; yet it abundantly ſuffices to diſprove the vulgar conceit about 
the generation of hail, till we meet in theſe countries with ſhowers of 
Vor. I. Uuun rain, 
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PaysIcs. rain, whole ſingle drops prove to be as large; which I preſume thoſe 
LW S/RY who aſcribe hail to Antiper iſtaſis, will not eaſily ſhew us. 


I come now to conſider the laſt, and indeed the principal example, 
that is given of Antiperiſtaſis, the coldneſs of cellars, and other {uh- 
terraneal vaults in ſummer, and their heat in winter. 

And firſt, as to the refreſhing coldneſs which ſubterraneal places af. 
ford in ſummer, I both deny that they are then coider than in win. 
ter; and aſſert, that tho' they were, that coldneſs would not ne- 
ceſſarily infer an Antiperiſtaſis. 

We muſt conſider then, that in ſummer our bodies having, for ma. 
ny days, or weeks, been conſtantly ſurrounded with an air, which, at 
that ſeaſon of the year, is much hotter than in winter, or other ſea. 
ſons ; our ſenſes may eaſily impoſe upon us, and we be much miſta- 
ken, by concluding upon their teſtimony, that the ſubterraneal air 
we then find fo cool, is really colder than it was in the winter, or 
the ſpring; as they who come out of hot baths think the air of the 
adjoining rooms very freſh and cool, which they found to be very 
warm, when coming out of the open air, they went thro' thoſe warm 
rooms to the bath. And the depth and retiredneſs of theſe ſub- 
terraneal caves keep the air they harbour, from being any thing near 
ſo much affefted with the changes of the ſeaſon, as the outward air, 
that is freely expos'd to the ſun's rays, which pierce, with any ſenſi- 
ble force, ſo little into the ground, that diggers ſeldom obſerve the 
earth to be dried and diſcolour d by them beyond the depth of a 
very few feet. And I have found, in very ſhallow mines, not above 
ſix or ſeven yards deep, tho the mouth were wide, and the de- 
ſcent perpendicular, the air was cool in the heat of ſummer; fo that 
the free air, and our bodies that are always immers'd in it, being 
much warmer in ſummer than at other times; and the ſubterraneal 
air, by reaſon of its remoteneſs from thoſe cauſes of alteration, con- 
tinuing ſtill the ſame, or but very little chang'd ; it's no wonder there 
ſhould appear a difference, as to ſenſe, when our bodies paſs from one 
to another of them. 

And ſuppoſing the air of cellars and vaults were really colder in 
ſummer than in winter, that is, were diſcovered to have a greater 
coldneſs, not only as to our ſenſe of feeling, but as to weather-glaſſes ; 
yet need not we have recourſe, for the ſolution of the difficulty, to an 
Antiperiſtaſis, which tis much harder to underftand, than to find out 
the cauſe of the phenomenon; which ſeems, in ſhort, to be this; that 
as there are warm exhalations, in all ſeaſons, plentifully ſent up by the 
ſubterraneal heat, from the lower to the ſuperficial parts of the earth; 
theſe ſteams, (which in winter are in a great meaſure repreſſed, or check- 
ed in their aſcent, by the cold froſt or ſnow, that binds the ſurface of 
the earth, and choaks up its pores) which being detained in the ground, 
would temper the native coldneſs of the earth and water, and conſe- 


quently that of ſprings, and of the ſubterraneal air, are by the _ 
that 
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that reigns in the outward air, called out at the many pores and PHYSICS. 
chinks, which that heat opens on the ſurface of the ground, by L&I 


which means the water of deep ſprings and wells, and the ſubterra- 
neal air, being deprived of that which is requiſite to allay their wonted 
coldneſs, are left to diſcloſe a higher degree of it, and ſeem to have 
that quality increaſed, when indeed it is but freed from the mixture 
of its contrary that weakned it. 

As for the heat we find in cellars and vaults in winter, the ſolu- 
tions already given will be applicable to that phenomenon alſo; which 
by this way is yet more eaſy to be accounted for than the other. 

But it may be juſtly queſtioned, whether cellars, in general, are hot- 
ter in the winter than they are in ſummer. As for the teſtimony of our 
ſenſes, upon which alone men uſually conclude the affirmative, it may 
in this caſe eafily deceive us. For thoſe places being ſheltred from the 
winds, and kept from a free communication with the outward air, they 
will be much lefs expoſed than others to the action of the agents, what- 
ever they are, that produce cold in the air: fo that our bodies be- 
ing conſtantly immers'd in the air cooled by the winter, and conſe- 
quently brought nearer to the temper of that air ; when thoſe bodies 
come into cellars, the ſubterraneal air muſt ſeem warm to us, tho' in 
itſelf it were unvaried as to its temper. 

Now that many cellars are indeed colder in the midſt of winter, 
than in the heat of ſummer, tho' not in reſpect of our ſenſes, yet in 
reſpect of other bodies, which have not the ſame prediſpoſitions, I am 
induc'd to believe by ſome experiments I purpoſely made. Having on 
a froſty evening hung out in a garden two ſeald weather- glaſſes, that 
they might be reduced as near as poſſible to the temper of the am- 
bient air, I brought one of them into a cellar, and it ſoon began ma- 
nifeſtly to riſe, and in two or three hours aſcended five or fix divi- 
ſions, whilſt the liquor in the other ſealed weather-glaſs, that continued 
ſuſpended in the ſame part of the garden, rather a little ſubſided, 
than roſe; which ſhews that the air, harbour'd in cellars, is not ſo 
powerfully affected by the ordinary efficients of cold, as the free exter- 
nal air. And to ſhew that the ſubterrancal air, tho?” it be leſs affected 
by the outward cold, may be ſomewhat affected by it, inſtead of grow- 
ing hotter by Antiperiſtaſis; I ſhall add, that early in the morning, in 
froſty weather, the liquor in the ſame weather-glaſs appeared more ſub- 
ſided, than over night: which ſhews that the external air leſſen d, not 
increaſed, the warmth of the air in the cellar. And having there placed 
a wide-mouth'd glaſs of oil, which in thawing weather remained all 
night fluid as e; the ſame liquor, the very next night, which 
proved ſeverely froſty, was ſo far frozen and congealed, as to fink in 
other oil, and keep its ſurface exactly, tho the glaſs were turned up- 
ſide down. And proſecuting my trial, I found, that in a ſharp Foſt, 
and great ſhow, the liquor which over-night waz beneath tte fourth 
diviſion, a ſuddain thaw coming with a ſou h wind, the next morn- 
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Payscs. ing in the ſame cellar the liquor was aſcended to the eighth. And 
long continuing the weather-glaſs in the ſame cellar, to watch its al- 


terations every night and morning, I regiſtred more obſervations, that 
confirmed me in my opinion. And after theſe experiments, meeting 
with a learned Polander, I, without declaring my opinion, enquired of 
him whether in his country he had at any time obſerved beer to 
freeze in cellars in frofty weather; who anſwered, that in the coldeſt 
winters, if the beer were ſmall, the barrels would often be frozen, 
but not if it were ſtrong. And I have mylelf obſerved here in Exg- 
land, barrels of beer to be frozen in the cellar in exceeding cold wea- 
ther; ſo that one of them being full, and the liquor expanded by 
freezing, it was forced out at certain chinks, which ſeem'd to have 
been made by that expanſive force; and the liquor fo thrown out, 
adhered in a confiderable lump to the outſide of the veſſel; yet this 
cellar had its windows carefully ſhut, and lay not only near a kitchin, 
where fire was conftantly kept, but had this principal mark of a good 
cellar, that in the heat of ſummer it aftorded drink ſufficiently cool. 
And enquiring of the phyſician to the Ruſſian emperor, whether their 
cellars at Moſcow were really very cold in ſummer, he anſwered they 
were not; that they had diſtinct cellars for ſummer and for winter; 
that their ſmall beer would quickly grow ſour in their cellars in ſum- 
mer, if their veſſels were not kept in ſnow; and therefore that their 
way was to make at the bottom of their ſummer cellars a deep layer of 
ſnow, on. which they afterwards caſt a convenient quantity of water, 
whence the whole maſs might be turned into a kind of ice. In this 
ſnow they keep their casks; making ſometimes a layer of ſnow, and 
a layer of casks; and digging out their veſſels, as they have occaſion 
to uſe them. From all which it appears how groundleſly, tis affirmed 
of cellars, that as they ſeem to the ſenſe, ſo they really are hotter. in 
winter than in ſummer. 

But if it ſhould happen, (as poſſibly it ſometimes may) that a vault 
or cellar is really warmer in ſummer than in winter; yet I ſee not 
- why this ſhou'd drive us to acknowledge an Antiperiſtaſis: for neither 
could the effect be made out by that; nor would there be any ne- 
ceſſity to have recourſe to it. 

For ſuppoſing an Antiperiſtaſis intelligible, it were improper to alledge 
it in our caſe; ſince to invigorate the warmth of the air by the cold, 
the air muſt, according to the peripatetics, be environed with other 
cold bodies, and the heat retire as far as it can from them; and ac- 
cordingly *tis obſerved, that in winter the deepeſt cellars are warmeſt. 
But in the caſe before us, the ſubterraneal air, tho above, it have the 
cold that reigns in winter ; yet beneath, the ſubterraneal heat makes the 
earth very warm. The learned Morinus informs us, that about the year 
x615- he viſited the mines of Hungary, and particularly deſcended into 
the deep gold mine at Crewnitz; and that after he had deſcended four- 
Kore or a hundred fathom, he found it exceſſively hot, tho” he had _—_ 
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flight linen garment on; and tho' he be a maintainer of Antiperiſtaſis, pursics! 
et he affirms, that not only the overſeer and workmen of char — aa, 


ut alſo thoſe of ſeveral others, unanimouſly aſſured him, the lower 
region of the earth was all the year long very hot, as well in winter 
as he found it in ſummer : ſo that it ſeems in winter the heat of the 
ſubterraneal parts, leſs remote from the ſuperficies, cannot be increaſed 
by the coldneſs of the more internal parts of the earth, thoſe parts 
being themſelves conſtantly hot. | | 

Indeed he ſays, that he found the ſupreme region of the earth, as he 
calls it, which is that next the air, exceedingly cold,. both as he went 
down into the mine, and as he came up again; and. this he aſcribes to 
Antiperiſtaſis. But he alſo relates, that *twas in July, and in very hot wea- 
ther, that. he went down into the mine, and that he exchanged his clothes 


for a light looſe linen garment, ſuch as the diggers wore; and this him 


ſelf mentions, as that which much increaſed the coldneſs he felt: ſo 


that if beſides this we conſider, that he deſcended into a cooler place, 


his body, being already affected with the great heat, which as he elſe- 


where takes notice, the ſeaſon had given the outward air; and being . 


gp much heated by riding or walking to the mine; no wonder 
e found the change very ſenſible as he went down. And *tis the leſs 


furprizing, that he found the upper region of the earth, as he calls it, 


more cold when he came up again: ſince beſides the toil of going 
down, and aſcending thro” narrow, low, and difficult paſſages, he came 
out of a place ſo exceſſively hot, that he tells us, the overſeer of the 
mine would not go back with him the ſame way he came, but took 
a far ſhorter, tho' a more dangerous way, cauſing himſelf to be drawn 
up in a perpendicular groove; becauſe he ſaid, twas very unhealthy, 
coming out of a place where the diggers work naked, and where they 
even melt in ſweat, to make any long ſtay in the upper region of 
the earth. So that this author, altho' he maintains Autiperiſtaſu, yet 
allows the upper region to be hot in winter, as well as cold in ſum- 
mer; and conſequently that in winter it has not a cold region be- 


neath, as well as above it. But beſides this, the matter of fact ſeems ve- 


ry favourable to my opinion; for I may juſtly refer the cold he felt 


near the ſurface of the earth, to the deception of his ſenſe; but the 
heat he felt within the bowels of the earth, cannot be referred to - 
the fame cauſe: ſince he tells us, that at the top of the great and 


perpendicular groove, by which the mine-maſter was drawn up, there 
aſcended a large ſmoak, that, even above the mouth of it, felt actu- 
ally hot. And beſides his own confeſſion, that the deep parts of the 
mine were more than ſeemingly hot, I can draw further proofs from, 
theſe two circumſtances, that I have elſe-where met with in his nar- 
rative: the one, that on the ſurface of the earth, it was then exceſ- 
fively hot; another, that the ſmoak, which, notwithſtanding this heat 


appeared hot, had in its aſcent paſſed thro four or five hundred nou 
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add, the arch-biſhop of Upſal affirms, that going in the year 1528 to 
nr thoſe deep dah, (as he terms them) in Poland, whence they 
dig ſolid ſalt; and having deſcended fifty ladders, he found in the d 

er places, that the workmen were naked, becauſe of the heat; ſo that 
ſuppoſing the time of the year not to be confiderable in this caſe, it 
ſeems from hence, that, provided a man deſcends low enough into 
the bowels of the earth, he will find it very hot, even in places that 
want thoſe metals, or marcaſites, or other like mineral ſu 

by the action of ſaline liquors, or exhalations upon which, tis pro- 
table, the heat obſerved in mines may be produced. 

I have hitherto ſhewn, that the heat of cellars and vaults in win- 
ter, has been very improperly aſcrib'd to 2 It has alſo 
been unneceſſarily aſcribed thereto. For as the air of thoſe places is 
protected from the greateſt part of the adventitious coldneſs that reigns 
in the outward air; ſo the ſubterraneal air has a poſitive cauſe of heat in 
winter, that it has not in ſummer. For, as we formerly obſery'd, in ſum. 
mer the pores of the earth being dilated by heat, the warm exhala- 
tions, that uſed to mix with moiſt vapours in the bowels of the earth, 
are call'd out, and exhal'd; but in winter, the ſurface of the earth 
being hardned by froſt, or its pores clog'd, the hot ſteams, that, as 
we lately ſaw, continually, and in plenty aſcend from the warm regi- 
on, or lower parts of the earth, are in great part detained and im- 


priſoned in cellars, and other ſubterraneal cavities, where conſequently 


they produce ſuch a heat as to thoſe who come out of the cold air, 
may be very ſenſible. And this the rather, becauſe whilſt men, 

the coldneſs of the ſeaſon, are more than ordinarily careful to ſtop 
up the paſſages, at which the external air may get in, they at the 
ſame time ſtop up the vents, at which the ſubterraneous exhalations 
might get out. And a very grave author having occaſion to menti- 
on cellars, relates it, as a practice in ſeveral houſes of a town where 


| he had been, to keep vents in their deep cellars, which, in the ſum- 


mer, were opened from time to time, to keep the places ſweet and 
wholeſom, and alſo to let out the warm exhalations, that would other- 
wiſe flat and deaden their liquors. And theſe ſteams were affirm'd 
to have been ſeveral times obſerved to aſcend viſibly into the free air, 
like ſmoak : which, ſeveral phenomena, and particularly what is ſaid of 
the hot fumes, that manifeſtly aſcended out of the great groove in the 
Hungarian mine, may render credible. | 

We come now to conſider that phenomenon, which is much urg'd in 
favour of Antiperiſtaſic, the ſmoaking of water, drawn in froſty wea- 
ther, out of deep wells and ſprings. 


But 
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But ſurely tis very improperly that ſome urge for Autiperiſtaſi, ſuch Puxsics. 
examples as the ſtrange ſpring near the temple of Jupiter Ammon, which 


Lucretius and others obſerved to have been exceeding cold in the day 
time, and as hot at night; for, not now to examine, whether the 
ſtory be fabulous, or might not be aſcribed to ſome crafty trick of 
the prieſts, who deſign d to impoſe upon Alexander, as well as others, 
and procure an admiration of the place; in this, and other the 
like caſes, for inſtance, the ſprings in the iflands of Maldivia, mention'd 
by Pyrad, muſt be referred to the peculiar nature of the ſpring, or ſome 
other hidden cauſe ; ſince if the water of them were but ordinary, and the 
phenomena the effects of Antiperiſtaſis, it might juſtly be expected, that the 
like ſhould happen in all ſprings ; which is contrary to common experience. 

"Tis related, that in, or near the little Daniſh iſland Hueena, where 
the famous Tycho built his Urani-Burgum, there is a ſpring among 
many ordinary ones, that, even in the coldeſt winter, is never frozen; 
which, in theſe regions, happens exceeding rarely. Olaus Magnus allo re- 
lates, that in another part of the king of Denmark's domimons, viz. Nidroſia, 
one of the chief cities of Norway, there is a lake that never freezes, 
And the learned Foſephus Acoſta tells us, that, among a very great number 
of hot ſprings to be met with in Peru, “there is a courſe of water, 
© at the baths, which they call the baths of gra, which comes 
© out all hot and boiling, and that joining to it, there is another, 
« whoſe water is as cold as ice. He adds” that the Peruvianemperor, 
« was accuſtomed to temper the one with the other; and that it is 
ce wonderful to ſee ſprings of ſuch contrary qualities, ſo near one to ano- 
« ther.” Hence it ſhould ſeem, that ſprings may obtain very peculiar 
and ftrange qualities from the nature of the places through which 
they paſs, 'or from other cauſes. And who knows what intereſt ſuch 
cauſes as we are ſtrangers to, may have in ſome phenomena, that are 
wholly aſcrib'd to the heat and cold of the ſuperficial part of the 
ground; and what effect they have upon many other ſprings, ſome of 
which that are very deep, riſe, perhaps, from the warm region of the 
earth, and are there affected by the place; as both theſe and others 
may be by unknown mineral juices and ſteams; tho we well know, that 
ſome of them, which are ſaline, without being at all ſenſibly hot, will 
powerfully reſiſt congelation ? | 

But the ſmoaking of waters drawn from deep places in frofty weather, 
does not neceſſarily infer ſuch water to be warmer in winter; 
ſince that effect may proceed not from the greater warmth. of the 
water, infſuch weather, but from the greater coldneſs of the air. For 


a man's breath in ſummer, or in mild winter weather, becomes very 


viſible ; the cold ambient air ſuddenly condenſing the fuliginous —— 
diſcharged by the lungs; tho? in warmer weather, they are readily diffuſe 

in imperceptible particles through the air. And 1 have obſerved 
upon the opening of iſſues n ſome mens arms, that tho no ſmoak 


be viſible in ſummer, it will be very conſpicuous in exceeding ſharp 
x weather, 
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pursics. weather, tho the arms ſeem to have leſs heat in froſty weather; than 
LCN inſummer ; fince in the former ſeaſon, they are manifeſtly more lender, the 


fleſhy parts and juices being condenſed by the coldneſs of the air. 
And tho' the inſenſible tranſpirations, continually made from all the 
parts of our bodies, are not viſible here, even in winter; yet in ex- 
tremely cold countries, as Nova Zembla, or Charleton iſland, thoſe effluvia 
have been obſerved, not only to be thickned, but to be turned into 
ice it ſelf, ſometimes within-fide the ſailors ſhoes. And here in Exg- 
land, having lately employed a labourer to dig a deep pit in very fro 
weather, two ſervants of mine, who ſtood by to ſee him work, aſſured 
me, when they returned, that the ſteams of his heated body were 
frozen upon the outſide of his waſtcoat. 

And ſeeing how faſt the water in ponds and ditches, waſtes in ſum- 
mer, there is no eauſe to doubt, that it then continually exhales away 
more plentifully, than in winter; nay, in the ſummer, we often ſee, in 
the mornings or evenings, the face of the water covered with a miſt 
or ſmoak, that riſes out of it. And I have ſometimes obſerved this 
aggregate of exhalations to hover over the water, and make, as it 
were, another river of a lighter liquor, that conform'd it ſelf, for a 
conſiderable way, to the breadth and winding of the ſtream whence it 
proceeded. And I think it will be eafily granted, that the water in 
ſummer time. is, at leaſt, as warm at noon, when ſuch exhalations are 
not viſible, as in the morning when they are, tho* the air be colder 
at this part of the day, than at that; which - obſervation gives us the 
true reaſon of the phenomenon. 

And tho' notwithſtanding all this, it were made to appear, that, in 
ſome caſes, the ſmoaking water of ſprings, may be really warmer in 
winter than in ſummer ; yet a ſufficient reaſon of the phenomenon a 
pears from what I have already delivered about the detention of the 
warm ſubterraneal vapours by the froſt, ſnow, and rain, that render the 
earth leſs perſpirable in winter. 

That there ariſe large warm ſteams from the lower parts of the earth 

may be proved, not only by what is already mentioned of the Hungarian 
mines, but by the common complaint of diggers in moſt, deep ones, 
who ſay they are often troubled, and ſometimes endangered by ſudden 
damps, which frequently ſo ſtuff up and thicken the ſubterraneal air, 
as to make it not only unfit for reſpiration, but able to extinguiſh 
their lamps and candles. And I have viſited mines, where inquiring 
of the diggers, whether thoſe hot exhalations that compoſe their 
damps, did not ſometimes actually take fire within the bowels of the 
carth, they anſwered, that in ſome of their pits, and particularly in 
one they ſhew'd me, they did; when, the exhalation ſuddenly kind- 
ling, would make a report at the mouth of the pit like a muſquet ; and that 
the flame would actually burn off the hair, and ſcorch the skins of thoſe 
workmen, who did not ſeaſonably get out of the pit, when the exhalation 
appeared to be near kindling; or did not ſuddenly fall down flat on 

| their 
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their faces to the ground, till the flame was extinguiſhed. And one Purstcs. 
of theſe workmen affirmed himſelf to have been ſeveral times ſo bur 


ned, and even twice in one day. And it ſeems to me, as well as to Mo- 
rinus, very probable, that thoſe great quantities of rain, ſnow, and 
ſtorms, and, perhaps, ſome other meteors, taken notice of in winter, 
may rather conſiſt of theſe ſubterraneal ſteams, than the vapours and 
exhalations attracted by the ſun. For the ſun's heat is then very lan- 
guid, and acts upon the ground only during the day time, which is 
very ſhort ; whereas thoſe meteors are generated indifferently at all 
hours of the day and night; and the sky is often, for many days 
together, quite overcaſt with clouds, and the ſurface of the ground 
ſo bound up that it will ſometimes freeze, even in the ſun-ſhine : 
whence tis not by much ſo likely, that the heat of the ſun, in the midſt 
of all theſe diſadvantages, ſhould elevate ſo great a plenty of exhala- 
tions and vapours, as is requiſit to compole the rain, ſnow and ſtorms, 
which ſometimes laſt almoſt all the winter, as that they ſhould be ſup- 
plied by ſubterraneal ſteams, plentifully ſent up by the heat that continual- 
ly reigns in the lower parts of the earth, and by traverſing the ſea, and at: 
other vents, get up into the air. 

And agreeably to this doctrine Morinus was told, by the maſters of 
the mines in Hungary, which are as deep as any I have ſeen or read 
of, that the miners were able, certainly, to foretel, ſooner than any 
other men, the tempeſts and ſudden alterations that were to happen in 
the air, from finding their lights burn blue, and from other ma- 
nifeſt ſigns, in their grooves, of a large tempeſtuous damp aſcending 
from the lower parts of the earth, tho' the sky above were clear, and 
the air calm. And an ingenious phyſician, who lived many years in 
Cornwall, told me, that many experienced fiſher-men aſſured him they 
often perceived fires ſhining in the night, ſometimes in one place, 
ſometimes in another, which were ſuppoſed to be kindled by the ſul- 
phureous and other ſubterraneous exhalations, and that, when they ſaw 
thoſe fires, eſpecially if any number appeared in ſeveral places; even 
ſuch as were. well acquainted with the coaſt, would not continue 
long out. at ſea, but rather quit an opportunity of catching fiſh, than 
not make haſte to ſhore; M often obſerved, that bold and unexpe- 
rienced mariners, by lighting theſe ſigns, were, in a few hours, caught 
in a tempeſt. 

And ſome years ſince, upon the 1-iſh coaſt, near a ſtrong fortreſs, called 
Duncamon, Where many of his majeſties ſhips lying at anchor, no dan- 
ger from the wind being apprehended, there ſeemed ſuddenly to aſcend 
out of the water, not far from them, a black cloud, in _— and bigneſs 
like a barrel, which mounting upwards, was ſoon followed, as the moſt 
experienced pilot foretold, with ſo hideous a ſtorm, as forced thoſe 
ſhips to put again to ſea. And this account was both written by the prin- 
cipal officers of the ſquadron, to their ſuperiors in England, and given 
ſoon after it happened, by the chief of thoſe eye-witneſſes, and parti- 

Vor. I. XXXX cularly 
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pursics. cularly by the pilot, to a very near kinſman of mine, who commanded 
the land forces in that country. 

Tis alſo ſaid, that not far from the city of Buda, there is a hot 
ſpring, called purgatory, which the waters of the Danube it ſelf are not 
able to keep cool; nay, within the very banks, betwixt which that great 

river runs, there boil up ſprings, which in their lower parts are intole- 
rably hot. And having heard of a ditch in the north of England, whence 
not only ſubterraneal teams, but thoſe ſo ſulphureous as to be eaſily in- 
flammable, conſtantly and plentifully afcended into the air, I inquired 
about it of the miniſter of the place, who was well verſed in mines; 
and he atteſted the truth of the relation upon his own knowledge. It 
was alſo confirmed to me by a very ingenious gentleman, who went pur- 
poſely to viſit this place, and found it true, that a lighted candle, being 
held where the exhalation iſſued out, would give fire thereto, and make it 
actually flame for a conſiderable time. And as this place was but lately 
taken notice of, there may probably be very many others, yet undil- 
covered, that ſupply the air with ſtore of mineral exhalations, proper 
to generate fiery meteors and winds. A great ſearcher after mines told 
me, *tis very uſual, in ſome places, where he is concerned in that af- 
fair, to ſee certain great fires moving in the air, which the diggers 
call dragons. And the Ruſſan emperor's phyſician inform'd me, he had 
obſerved, in winter, a river in Muſcovy, where, tho' the reſt of the ſur- 
face was frozen, there was a part of it near a mile long, that remain'd 
uncovered with ice, which, probably, was kept from being generated 
by thoſe ſubterraneous exhalations ; ſince, he ſays, he ſaw them aſcend 
up all the way like the ſmoak of an oven. And in caſe the matter 
of fact delivered by Olaus Magnus be true, concerning the ftrange thaws 
that ſometimes happen, with a terrible noiſe, in the great lake Veter, thoſe 
wonderful phenomena may not, improbably, be aſcribed to the large 
aſcent of hot ſubterraneal ſteams, which ſuddenly cracking thick and 
ſolid ice, in many places at once, produce the hideous ſounds, and the 
haſty thaw he —— ks of. And this ſuſpicion may be countenanced 
from hence, that before theſe ſudden thaws, the lake begins, with great 
noiſe, to boil at the bottom; and alſo from what is related by a more au- 
thentic writer, the Jeſuit Martinius, who declares, that at Pekin, t he capital of 
China, tis very uſual, after the rivers and ponds have continued hard frozen 
over, during the winter, for the thaw to be made in one day; which, ſince 
the freezing of the waters, as he tells us, required many, makes it very pro- 
bable, that the ſudden thaw is effected, as he alſo inclines to think, by 
ſubterraneal ſteams; which may well be ſuppoſed exceeding large, and 
to diffuſe themſelves every way to a very great extent, ſince they are 
able ſo ſoon to thaw the rivers and ponds of a large territory : and, which 
makes greatly for our purpoſe, they begin, contrary to vulgar thaws, from 
the bottom upwards, 
Since then the lower parts of the earth, ſend up great plenty of 
halations and vapours to the upper, tis obvious, that as in ſeyeral plc 
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theſe ſteams get into the air, either thro' vents, or by growing ſtrong Purvsrcs. 
enough to force themſelves a paſſage; ſo in moſt others, where the CPWaJ 
aſcending ſteams find no commodious vents, or are too faintly driven up 


to force themſelves a paſſage, they muſt be repreſs'd or detained below 
the ſurface of the earth, which has its pores in winter uſually block'd 
up with ſnow or rain, or its ſurface conſtringed and hardned with ice 
or froſt; ſo that theſe exhalations being pent in, and continually re- 
ceiving freſh ſupplies from beneath, *tis no wonder, if they ſhould warm 
deep cellars and wells, where they are thus detained: and therefore our 
husbandmen ſpeak rationally, when they ſay, that the ſnow keeps the 
ground warm. .Dr. Smith, the learned E 110 ambaſſador to Moſcow, makes 
it to be one of the principal. reaſons of the great fertility of the coun- 
try thereabout, that, during almoſt all the winter, |the ground is to a 
great height covered with ſnow; which not only enriches it by the 
fertilizing ſalt the earth gains from the ſnow, when that comes to be 
melted; but alſo contributes to its improvement, by obſtrutting the 
pores, at which the nitro-ſulphureous, and other uſeful corpuſcles, that 
are ſent up by the ſubterraneal heat, would eaſily get away. And the 
Ruſſian emperor's phyſician has aſſured me, that about Moſcom, where the 
ſurface of the ground is far more bound up in winter, than *tis in theſe 
parts; and where they keep their cellars much cloſer; the ſubterraneous 
exhalations being hinder'd from flying abroad, will, in time, multiply 
ſo faſt, that upon the unwary opening of their doors, which have been long 
kept ſhut, there would ſally out a very thick warm ſmoak, which has 
ſometimes brought men into danger of ſuffocation. 

I muſt not, however, conceal an experiment or two I have met with, 
which ſeem to ſhew, that ſubterraneal places are really hotter in winter, 
than in ſummer. 

The learned jeſuit Zucchius, aſſures us, that having kept a good ſeal'd 
weather-glaſs, for three years together, in a cellar, he found the water to 
riſe by the coldneſs of the ambient air in the ſummer, and to be de- 
preſſed by the rarifaction of it in the winter; which ſeems undeniably 
to prove, that whatever be the reaſon of it, the heat in ſubterraneal] 
places is indeed greater in winter than in ſummer. And another jeſuit 
affirms, he found by a weather-glaſs, that a well at the place where he 
lived, was colder in ſummer, and hotter in winter. 

'Tis not, however, univerſally true, that cellars, and other ſubterraneal 
places, are hotter in winter than in ſummer. For my own obſervations, 
made in a cellar, with a ſealed weather-glaſs, manifeſt the contrary. I 
would, therefore, make a diſtinction of ſubterraneal places; for ſome are 
deep, as the beſt ſort of cellars; others deeper yet, as the Hungarian 
nines, mentioned by Morinus; and ſome again are but ſhallow, as many 
ordinary cellars and vaults: of theſe three ſorts of ſubterraneal places, 
: lie deepeſt of all do not ſeem to grow hot and cold, according to the 
ſeveral ſeaſons of the year, as the vulgar doctrine of antiperiſtaſis re- 


quires; but are, according to ſome mineraliſts, continually hot: the 
„ ſhallower 


107 


pa 
—— — — -——o—— — — 


— — — —— — — — 


708 
Pn ys1Cs. 


LEARY 


Experiments and Obſervations upon Cold. 
ſhallower ſort of ſubterraneal places, being fenced from the outward air, 
are not ſo ſubje& to the alterations of it, as open places; yet, by reaſon 
of their vicinity to the ſurface of the earth, they are ſo far affected 
with the mutations, whereto the outward air is liable, in ſeveral ſeaſon; 
of the year, that in winter, though they be warm in reſpect of the 
colder air abroad, yet they are really, as far as I have try'd, colder in 
very cold weather, and leſs cold in warm weather. Thus the Polonian 
nobleman, formerly mentioned, affured me, that, in his country, ſharp 
winters would freeze imall beer in cellars, that were not very deep, tho 
it continued fluid in thoſe that were. And the anonymous jeluit lately 
mentioned, acknowledges, he found but little ditterence between the 
temperature of the water in the well he examined in jummer, and in 
winter, tho it were a conſiderably deep one; and adds, that at Florence, 
where the ſubterraneal vaults are ſhallower, the air is oblerv'd to be 
colder in winter than in ſummer ; tho” the contrary has been found in the 
deep cellars at Rome. So that the loweit fort of ſubterraneal cavities 
being, for ought appears, perpetually hot; and the upper or ſhallower 
ſort of them, being colder, not hotter in cold weather than in warm ; 
tis about the temperature of the middle forts of them, ſuch are 
the deeper and better cellars, that the queſtion remains to be deter- 
mined, | | 

We muſt next conſider, that *tis not ſo eaſie a matter as philoſophers 
think, to make, with the weather-glaſſes hitherto in uſe, an experi- 
ment to our preſent purpoſe, that ſhall not be liable to ſome exception, 
eſpecially if the cellar, or well, be very deep. For the gravity of that 
thick and vapid ſubterraneal air, and the greater preſſure which the 
air may there have, by prefling in an atmoſpherical pillar, lengthened 
by the depth of the cellar, may, in very deep cavities, as well 
cl the height of the water in common weather-glaſſes, as heat and 
cold; and ſo make it uncertain, when the mutation 1s to be aſcribed to 


the one, and when to the other; or at leaſt very difficult to determine 


diſtinctly, what ſhare is due to the preſſure, and what to the tempera- 


ture of the air. And this uncertainty is much increaſed, by conſider- 


ing, that not only in places where the heights of the atmoſpherical 
cylinders differ, the preſſure of the air upon the ſtagnant water in the 


weather-glaſſes may do ſo too; but even in the ſame place the inſtru- 


ment remaining unmoved, the preſſure of the atmoſphere may, as I 


have often obſerved, ſoon alter conſiderably, and that without any 


conſtant and manifeſt cauſe; ſo that an erroneous eſtimate of the tem- 
perature of the air, can ſcarce poſſibly be avoided, without the help 
of a ſealed weather-glaſs, where the included liquor is ſubje& to be 
affected by heat and cold, and not preſſure of the air. To apply this 
to Zucchius his experiment; unleſs he made his obſervations with the 
aſſiſtance of a ſealed weather-glaſs, it may be ſuſpe&ed, that he might 
accidentally find the water in a common one, (which he appears to have 
us'd, as, probably, knowing no other,) to be higher, when he look'd on 

it 
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it in ſummer, than in winter; not becauſe really the ſubterraneal air Puyscs. 
was colder in the former ſeaſon, than in the latter; but becauſe the 


atmoſphere chanced then to be heavier. And conſidering in how few 
hours, I have ſometimes obſerved the quick-ſilver, both in a good 
barometer, and even in an unſeal'd weather-glaſs furniſhed with quick- 
filver, to riſe almoſt an inch perpendicularly, without any manifeſt 
cauſe proceeding from cold ; I cannot think it impoſſible, that in long 
weather-glaſſes, furniſhed only with water, or ſome ſuch liquor, the 
undiſcerned alterations of the atmoſphere's preſſure, may produce very 
notable ones in the height of the water in tuch inſtruments. But far- 
ther, Zucchius having, for ought appears, made his obſervations only in 
one place, we are not ſure, that it was not one of thoſe whereon ſubter- 
raneal exhalations have a peculiar and conſiderable effect; as happens 
in the great and ſudden thaws, that ſometimes begin from the bot- 
tom, and thereby argue their being produc'd by ſteams, aſcending from 
the lower parts of the terreſtrial globe; which may be farther confirm'd 
by what was formerly noted of the ſudden damps happening in mines. 
But what is of the moſt importance, the learned Maignan had the 
ſame curioſity as Zucc hius, but with very different ſucceſs ; and, there- 
fore, this inquiſitive perſon rejects the vulgar doctrine of antiperiſtaſis, 
upon account of two experiments. For, firſt, he ſays, he found with 
a thermometer, that when, in winter, a cold northerly wind froze the 
water without doors, it was no leſs cold in wine-cellars, than in the 
ſame ſeaſon, and at the ſame hour of the day in his ſtudy; only the 
paper-ſhuts of his window, that regarded likewiſe the north, being put 
to. And theſe cellars too, it ſeems, were of the very beſt of the kind, 
wherein the greateſt cold was felt in ſummer. But his next experiment 
is yet more conſiderable. © I found,” fays he, © with a very exact 
cc thermometer, that the greateſt coldneſs of ſome excellent wine-vaults, 
cc in the moſt vehement heat of the ſummer, was not equal to that they 
cc had in the winter; tho' the former ſeem'd much the moſt ſevere to ſenſe.” 
Thus far our learned author, who, ſeeming by the mathematical part 
of his Perſpeftiva Horaria, to be an accurate and induſtrious obſerver, 
we may oppole his experiment to that of Zucchius, which it flatly 
contradicts; and, therefore, ſince the depth of the cellar is of great 
moment in experiments of this nature; ſince alſo the particular parts 
of the place or ſoil, where the cellars, or other cavities, happen, may, 
in ſome caſes, deſerve to be conſider d; and fince, laſtly, neither Zuc- 
chins, or Maignan, ſeem to have been aware of the differing weights of 
the atmoſphere in the ſame place; I ſhall determine nothing poſitively, 
till the experiment has been carefully made, for a competent ſpace of 
time, in ſeveral places, and that not with common weather-glafles, but 

with ſealed thermometers, 
Having thus thewn, that tho” experience be ſo confidently appeal'd 
to, by the maintainers of antiperiſtaſis, yet nothing en, to 
| ayour 
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pursics. favour their cauſe, has been hitherto drawn from thence ; I ſhall next 


3 


ſnew, that it bears witneſs againſt them. 

I took an iron rod, about the bigneſs of a man's finger, having at 
one end of it a very broad and thick piece of iron, ſhaped almoſt like 
a ſpatula, that the quantity of the matter might, upon the ignition of 
the iron, make the heat very conſiderable: then cauſing this thick 
end to be made red hot in the fire, and having ſuddenly quench'd it in 
cold water, I could not perceive, that the other end of the rod, b 
which it was held, grew at all ſenſibly hot, as a favourer of antiperi- 
ſtaſis would have expected it ſhould do, to a very high degree; as 
preſuming, that the innumerable particles of heat, which ſwarmed in 
the compact body of the red hot part of the iron, muſt, to fly the 
cold of the water, retire in throngs towards the other extreme of the 
iron, and make it exceedingly hot. And left any pre-exiſtent warmth 
ſhould hinder me from perceiving an increaſe of heat, in caſe any 
were produced in the handle of the iron, I caus'd it, the next time the 
trial was made, to be kept in cold water; yet even then the im- 
merſion of the broad ignited end in the cold water, brought as little 
ſenſible heat to the other end, as it had done before: and having 
caus'd the experiment to be made by another, it ſucceeded with him, 
as it had done with me. | 

Again ; I took an excellent ſeal'd weather-glaſs, fourteen inches long, 
farniſhed with good ſpirit of wine, and having provided an open mouth'd 
glaſs, of a convenient ſhape and ſize, and fill'd it to a due height with 
common water, I ſo ordered the matter, that the ſtem of the thermo- 
meter being ſupported by the cork, into which, by a perforation, it was 
inſerted, when the glaſs was ſtopp'd by the cork, the whole ball of 
the thermometer was immers'd in the water, that filld the wide- 
mouth'd glaſs, and no where touched, either the bottom or the ſides 
of the glaſs, ſo that the ball 'was every way ſurrounded with water. 
The inſtrument being thus prepar'd, we obſerv'd at what ſtation the 
ſurrounding cold water had made the tinged ſpirit reſt in the thermo- 
meter; and then having provided a fit proportion of warm water, in a 
proper veſſel, I remov'd the inſtrument into it, and plac'd it fo, that 
the liquor reach'd to a convenient height on the outſide of the open 
mouth'd glaſs: but tho? I carefully watch'd, whether the heat of the 
external water, would increaſe or ftrike inwards the cold of that water, 
which immediately encompaſſed the ball of the weather-glaſs; yet I 
perceived no ſuch matter, the tinged ſpirit in the ſtem keeping its 
ſtation, till the heat having, by degrees, been diffus'd thro' the cold 
water, by the intervention of that, now warmed, the tinged ſpirit in the 
thermometer began to aſcend. | 

And to reduce the other part too, of the doctrine of antiperiſtaſis, 
to the determination of an experiment, the ſame thermometer was 
plac'd in the fame wide-mouth'd glaſs, juſt after the former manner, 
only inſtead of the cold water, that which immediately ſurrounded the 


glaſs 
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depth in a veſſel, that contain'd ſome very cold water, mixed with ſeveral 
pieces of ice. But it did not appear to me, that the heat of the water, 
which immediately encompaſſed the ball of the weather-glaſs, was at all 
increas'd, by that liquors being ſurrounded with water exceeding cold; 
for the languid motion of the ſpirit upwards, was not hereby ſo much 
as ſenſibly accelerated, but rather the aſcent was, by the chilneſs of 
the contiguous water, quickly check'd, and the aſcending ſpirit ſoon 
brought to ſubſide again. And for fuller ſatisfaction in the phenomena 
of this, and the former experiment, I obſerved them more than once. 


XXVI. 


Mr. Hobbes theory of cold, appears ſo inconfiderately choſen, Mr. Hobbs's _ 
doctrine of cold 


and ſo ſlightly made out, that I ſhould not think it deſerved a parti- 

cular examination, but for the grand air wherewith it is propoſed. 

For he talks ſo much of demonſtrations, and ſets himſelf fo far above 

the moſt eminent writers, that the unwary may miſtake his confidence for 

— and rather accuſe their own underſtanding, than diſtruſt his 
ine. 
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glaſs was warm; and when the warmth had impell'd up the ſpirit, till its Puxsics. 
aſcent began to be very ſlow, I immers'd the inſtrument to a convenient 


examin d. 


Mr. Hobbs's do&rine, ſo far as relates to cold, is in ſubſtance this. . 


The motion of the ſun between the tropics, driving the air towards that 
part of the earth's ſurface, which is perpendicular under it, makes it 
{pread it felf every way; and the velocity of this expanſion of the 
air, grows gradually greater, as its circles parallel to the «Aquator be- 
come leſs. Wherefore this expanſive motion of the air, drives before 


it ſuch of its parts, as are in its way continually towards the poles more 


ſtrongly, as its force comes to be more united; that is, as the circles 
parallel to the Æquator are leſs, or the nearer it comes to the poles of 


the earth. In thoſe places, therefore, which are nearer to the poles, . 
there is a greater cold, than in thoſe which are more remote from - 


them. Now this expanſion of the air upon the ſuperficies of the 
earth, from eaft to weſt, by reaſon of the ſun's perpetual arrival to the 


laces which are ſucceſſively under it, makes it cold at the time of the 
un's riſing and ſetting ; but as the ſun comes to be more perpendicular 


to thoſe cooled places, ſo by the heat, which is generated by the 


ſupervening ſimple motion of the ſun, that cold is again remitted, and 
can never be great; becauſe the action, by which it was generated, was 


not permanent. This, therefore, is a poſſible cauſe of cold in thoſe 


places, that are near the pole, or where the obliquity of the ſun is - 


great. 


rallels will rake the ſuperficies of the earth; and that with a motion 
10 much the ſtronger, as the parallel circles towards the poles grow 
leſs. From whence muſt ariſe a wind, which will force together the 
: upper 


Water may be congealed by cold, from the action of the air in thoſe - 
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Puysics upper parts of the water, and withal raiſe them a little, weakning 
their endeavour towards the center of the earth. And from their 


endeavour towards the center of the earth, joyned with the endeavour 
of the ſaid wind, the upper parts of the water will be preſſed together 
and coagulated; that is to lay, the top of the water will be skinned 
over and hardened; and ſo again the water next the top, will be har- 
dened in the ſame manner, till at length the ice be thick. And this 
ice being now compacted of little hard bodies, muſt alſo contain many 
particles of air received into it. And as rivers and ſeas, ſo, in 
thelike manner, may the clouds be frozen. For when, by the aſcending 
and deſcending of ſeveral clouds at the ſame time, the air intercepted 
between them, is, by compreſſion, forced out, it rakes, and, by degrees, 
hardens them. And tho' thoſe ſmall drops, which uſually make clouds, 
be not yet united into greater bodies, yet the ſame wind will be 
made; and by it, as water is congeal'd into ice, ſo will vapours in 
the ſame manner be congeal'd into ſnow. From the ſame cauſe it is, 
that ice may be made by art, and that not far from the fire ; which 
is done by mixing ſnow and falt together, and by burying it in a 
ſmall veſſel full of water: for, when the ſnow and ſalt, which con- 
tain a great deal of air, are melting, the air which is preſſed out 
every way in wind, rakes the ſides of the veſſel; and as the wind by 
its motion rakes the veſſel, ſo the veſſel, by the ſame motion and 
action, congeals the water within it. 

We find by experience, that cold is always more remiſs in places 
where it rains, and, cæteris paribus, where the weather is cloudy, than 
where the air is clear. For, in clear weather, the courſe of the wind, 
which raked the ſuperficies of the earth, as it is free from all inter- 
ruption, ſo alſo it is very ſtrong. But when ſmall drops of water are 
either riſing or falling, that wind is repell'd, broken, and diſſipated by 
them; and the leſs the wind is, the leſs is the cold. 

We find, alſo, by experience, that in deep wells the water freezeth 
not ſo much, as upon the ſuperficies of the earth. For the wind, by 
which ice is made, entring into the earth, loſeth ſome of its force, 
tho' not much; ſo that if the well be not deep, it will freeze; but if 
it be ſo deep, that the wind, which cauſeth cold, cannot reach it, 
*twill not freeze. | 

We find, moreover, by experience, that ice is lighter than water ; 
the cauſe whereof is manifeſt from hence, that the air is received in, 
and mixed with the particles of the water, in the a& of congelation. 

To examine this theory, we may, in the firſt place, obſerve, that 
Mr. Hobbs's notion of cold, is not accurately delivered. It may be well 
queſtion'd, whether the external tendency of the ſpirits and fluid parts 
of the bodies of animals, neceſſarily proceeds from, and argues heat; 

in our -pneumatical engine, when the air is withdrawn from about 
an included viper, there is a great intumeſcence, and, conſequently, a 
greater endeavour of the fluid parts of the body outwards, than we 


ſee 
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ſce made by any degree of heat in the ambient air, uſually produced pnxsics. 


by the ſun. But Mr. Hobbs tells us, that to cool, is to make the exter- 


nal parts of the body endeavour inwards; yet our experiments tell 
us, that when a very high degree of cold is introduced, not only into 
water, but into wine, and other liquors, there is a plain ſwelling, and, 
conſequently, an endeavour outwards of the parts of the body cooled. 
And, certainly, cold having an operation upon a great multitude and 
variety of bodies, as well as upon our organs; he that would give a 
ſatisfactory definition of it, muſt take into conſideration ſeveral other 
effects, beſides thoſe it produces on human bodies. And even in theſe, 
he will not eaſily prove, that, in every caſe, any ſuch endeavour inwards 
from the ambient ætherial ſubſtance, as his doctrine ſeems to ſuppoſe, 
is neceſſary to the perception of cold: fince as the mind perceives 
ſeveral other qualities, by various motions in the nervous or membra- 
nous 3 of the organ; ſo cold may be perceived, either by the 
decreaſe of the agitation of the parts of the object, with regard to 
thoſe of the organ; or elſe by a different impulſe of the ſenſitive parts, 
occaſioned by ſome change made in the motion of the blood or 
ſpirits, upon the decay of that motion; or by the turbulent velocity 
of thoſe excrementitious ſteams, which, when the blood circulates as 
quick, and the pores are kept as open as before, are diſſi pated by 
inſenſible tranſpiration. 

"Tis a known thing, that many hyſterical patients complain of a 
great coldneſs in their head, or other parts, and ſometimes too when 
they ſeem to be otherwiſe hot. And I know a nobleman, who falling, 
as frequently he has done, into a fit of the ſtone, feels an univerſal cold- 
neſs over his whole body, like that which begins the fit of an ague. 
And tho? he aſſures me, that the ſtones, which he uſually voids, are 
but very ſmall ; yet, whilſt the fit continues, he cannot, by cloaths, or 
almoſt any other means, keep himſelf warm. 

Hence it appears, there may be other ways, befides thoſe already 
mentioned, of perceiving cold, tho' the outward parts of our bodies 
are not preſt inwards. Mr. Hobbs declares, that he who would know 
the cauſe of cold, muſt find by what motion the external parts of a 
body endeavour to retire inwards; but this ſeems an inconſiderable 
direction. For, in compreſſions that are made by ſurrounding bodies, 
there is produced an endeavour inward of the parts of the compreſt 
body, tho? not cold, but ſometimes heat be thereby generated. And, 
I hope, Mr. Hobbs will not object, that in this cafe the parts do not 
retire, but are thruſt inwards; ſince, according to him, no body at all 
can be moved, but by another contiguous and moved. And this may 
ſuffice to ſhew, that the notion of cold, in general, is not ſo eaſie to 
acquire as many think; and therefore it needs be no wonder, that it 
hath not been accurately propoſed by Mr. Hobbs. In the next place, 
the cauſe he aſſigns, why a man can blow hot or cold with the ſame 


breath, is very queſtionablez becauſe he ſuppoſes in part of the * 
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Physics. ſuch a ſimple motion, as he calls it, of the ſmall particles of the ſame 
breath, as he will not eaſily prove; and becauſe that without the ſu. 


ſpected ſuppoſition, I could give a more probable account of the phe. 
nomenon, it I had not ſome ſcruples about the matter of fact itlelf : 
for tho I am not ſure, that farther trials may ſhew the wind or breath, 
blown out at the middle of the compreſſed lips, to have in it ſuch 
a real coldneſs, as men generally aſcribe to it; yet hitherto ſome 
trials incline me to ſuſpect, that in eſtimating the temper of the wind 
produc'd, our ſenſes may impoſe upon us. For having taken a very 
tender ſeal'd weather-glaſs, and blown upon it thro* a long, ſlender 
glaſs- pipe, to be ſure that my breath ſhould iſſue out in a ſmall 
ftream ; by this wind beating upon the ball of the weather-glaſs, I 
could not make the included ſpirit of wine ſubſide; but it manifeſtly 
aſcended, tho” the wind, that I preſently blew thro' the ſame pipe, ſeem'd 
ſenſibly cold, both to the —5 of by-ſtanders, and to my own, which 
was at that time, more than ordinarily cold. But whatever be the cauſe 
of the effect, there are ſeveral things that make Mr. Hobbs's hypotheſis 
of cold unſatisfactory. For the grand cauſe he aſſigns of cold, and its 
effects, is wind; which, according to him, is air mov'd in a conſider- 
able quantity, and that either forwards only, or in an undulating mo- 
tion: and he tells us too, that when the breath is more ſtrongly 
blown out of the mouth, then the direct motion is prevalent (over 
the ſimple motion) which, according to him, makes us feel cold ; for, 
ſays he, the direct motion of the breath or air is wind, and all wind 
cools or diminiſhes former heat. He adds, that not only great, but 
almoſt any ventilation, and ftirring of the air, refrigerates. But, 

1. There are very hard froſts, not only continued, but often be- 
gun, when the air is calm and free from winds : and high and boi- 
ſerous ſoutherly winds are not here found to be near ſo cold, as far 
weaker winds that blow from the north-eaſt. 

2. If Mr. Hobbs teaches, tis the direct motion of the ſtream of 
breath, if more ſtrongly blown out, that makes us feel cold, he is 
obliged to aſſign a reaſon, why in an æolopile with a long neck, the 
ftream that iſſues out, cho often far ſtronger than that, which is 
made by compreſſing the lips, at a conſiderable diſtance from the ori- 
fice it iſſues out of, is not cold, but hot. | 

3. Mr. Hobbs elſe-where teaches, that when in our engine, the pump 
has been long employ'd to exhauſt the receiver, there muſt be a ve- 
Hement wind produc'd in that receiver; yet by one of our experiments 
it appears, that for all this, in a good ſeal'd weather-glaſs plac'd there, 
before the included air began to be emptied, there: was no fign of 
any intenſe degree of cold produc'd by this ſuppos'd wind; ſo that 
either the wind is but imaginary, or elſe Mr. Hobbs aſcribes to winds, 
a power of cooling, that does not belong to them. "ſp 
4. We find by experience, that in hard froſts water will freeze, not 
only tho' there be no wind ſtirring in the ambient. air, but oy, the 

: | liquor 
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liquor be kept in a cloſe room, where, if the wind were high abroad, Purvs1cs.. 
it could not get admittance. And ſome experiments carefully made CSR 


have aſſur d us, that water ſeal'd up in one glaſs, and that glaſs ſu- 
ſpended in another carefully ſtopt, to keep out all adventitious air, 
may nevertheleſs be turn'd into ice. 

5. We found by other experiments, that a frozen egg, tho? ſuſpend- 
ed in, and perfectly ſurrounded with water, where no wind cou'd come 
at it, wou'd be every way cruſted over with ice; in which caſe there 
is no probability, that the ice ſhould be generated according to the 
way propos'd by Mr. Hobbs. For he will ſcarce prove, that a wind 
pierc d the ſhell and cloſer coats of the egg, to get into the contain d 
liquors, and freeze them: and a more unlikely aſſertion it would be, 
to pretend, as he who maintains Mr. Hobbs's doftrine muſt, that ſo 
very little air, if there be any, as is mixed with the juices of the 
egg, can by the cold, which does not expand air, be turn'd into a 
wind ſubtile enough, freely to penetrate the ſhell and coats of the egg, 
and able to diffuſe itſelf every way, and turn, on every fide, the neigh- 
bouring water into ice; and all this, tho' it appears not, by bubbles 
breaking thro* the water, that any adventitious air comes out of 
the egg at all: and ſuppoſing ſome ſuch were contain'd in the egg, 
yet What ſhadow of reaſon is there to conceive, that the air which 
was ingaged in, and ſurrounded with the ſubſtances of the white, and 
the yolk of the egg, muſt needs be a wind; fince, according to Mr. 
Hobbs, wind requires a confiderable motion of moſt of the parts of the 
air mov'd the ſame way; and according to him alſo a body cannot 
be put in motion, but by another body contiguous and mov'd ? 

6. Mr. Hobbs, indeed, affirms that all wind cools, but is ſo far from 
proving that the higheſt degrees of cold muſt needs proceed from 
wind, that he does not ſhew all winds to be cool. Nor are we bound 
to believe it without proof; ſince wind being, according to him, but 
air mov'd in a conſiderable quantity, either in a direct or undulating 
motion, it does not appear how motion ſhould, rather than reſt, make 
air grow cold. For tho? it be true, that winds uſually ſeem cold to 
us, yet it is not univerſally true; ſince ſome, who have travelled in- 
to hot countries, and particularly the learned Alpinus, complains, 
that the winds coming to them in the ſummer from- more torrid re- 
gions, have appear'd to be almoſt like the ſteam that iſſues out at the 
mouth of a heated oven. And *tis ſaid, that the ſouthern winds near 
Ormus, have been ſometimes ſo hot, as at once to deſtroy an army. 
But even when the wind does feel cold to us, it may often do ſo but 
by accident; for the ſteams that iſſue out of our bodies being uſually 
warmer than the ambient air; and the more inward parts of our bo- 
dies themſelves, being very much hotter than it; the ſame cauſes that 
turn air into wind, put it into a motion, that both diſplaces the 
more neighbouring 2 more heated air, and alſo makes it pierce far 
deeper into the pores of the skin; whereby becoming ſenſible to 

| Yyyy 2 | thoſe 
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thoſe parts, that are ſomewhat more internal than the Cuticula, and 
far more hot; the air turn'd into wind ſeems to us more cold, than 
the ſtagnant air. Thus, tho? air blown thro' a pair of bellows upon 
one's hand, when tis in a moderate temper, will ſeem very cold; yet, 
that the ambient air is thus turn'd into wind, without acquiring ſuch 
a cold as is preſum'd, may appear by blowing the ſame air, with the 
ſame bellows, upon weather-glaſſes; for in doing this, we could not 
obſerve, that the wind beating upon them did ſenſibly cool either 
the air, or the liquor. Tho? *tis not impoffible, that in ſome 
caſes the wind may cool even inanimate bodies, by driving away a 
parcel of ambient air, impregnated with exhalations leſs cold, than 
the air that compoſes the wind. But this is no more than would 
be effected, if, without a wind, ſome other body ſhould precipitate 
out of the air, near the weather-glaſs, the warmer effluvia ; eſpeci- 
ally if the precipitating body introduce, in the room of the diſplaced 
particles, ſuch as may be juſtly term'd frigorific. 

7. Nor can we admit, without a favourable conſtruction, Mr. Hobbs's 
expreſſion, that all wind cools or diminiſhes. former heat. For if we 
take heat in the moſt common acceptation; to make wind the ade- 
quate canſe of cold, it muſt in many caſes do more than diminiſh 
former heat. Water, for inſtance, ready to freeze, is already actu- 
ally cold in a high degree; yet the wind, according to Mr. Hobbs, mutt 
make this very cold liquor, ftill more cold, before it can turn into 
ice. | | 

The remaining part of Mr. Hobbs's theory of cold, may now be ſoon 
diſpatch'd, the greateſt part of it being to ſhew, that there is an ex- 
panſion of the air, or a wind generated by the motion and action of 
the ſun: but why this wind thus generated muft produce cold, I do 
not ſee that he proves; nor does his affirming, that it moves towards 
the poles, help the matter. For we have ſhewn, that wind is not ſuffici- 
ent to produce far leſs degrees of cold, than thoſe felt in many northern 
regions; and there muſt be ſome other cauſe than the motion of the air, 
or ſteams driven away by the ſun, to make bodies, not in themſelves: 


cold, become vehemently. ſo in their paſſage. For Mr. Hobbs cannot, 


as other naturaliſts do, derive the coldneſs of freezing winds from the 
cold ſteams they meet, and _ along with them in their paſſage 
thro cold regions; fince then thoſe fteams, rather than the wind, 
would be the cauſe of that vehement coldneſs ; and ſo it might juſtly 
be demanded, whence the coldneſs of thoſe cold exhalations proceeds. 


- Beſides, tis very precarious, and contrary to obſervation, to imagine ſuch 


a wind, as he talks of, to blow whenever great froſts happen; ſince, 
as we noted before, very vehement glaciations may be obſerv'd, eſpe- 
cially in northern regions, when the air is calm and ſerene. 

The account he gives of turning water into icc, is the moſt unſa- 


tisfactory 1 ever yet met with: in ſuppoſing that by the endeavour 


of the wind to raiſe the parts of the water, join d with the endea- 
| your 
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your of the parts of the water towards the center of the earth, the Pursics. 
upper parts of the water will be preſt together, and coagulated, he L50VRJ 


fays that which is very far from ſatisfactory. For ice is often pro- 
duced, where no wind can come to beat upon the upper parts of the 
water, and to raiſe them : and in veſſels hermetically fear, which ex- 
actly keep out air and wind, ice may be generated, as our experiments 
demonſtrate. And this alone were a ſufficient anſwer, ſince the whole 
explanation is built upon the action of the wind. But this is not all, 
for he ſhould: have prov'd, that the upper parts of the water muſt be 
raiſed in congelation; eſpecially ſince oil, and ſeveral other liquors, are 
contracted by it. And what ſhew of probability is there, that by the 
bare endeavour of the wind, and the gravity of the ſuperficial parts 
of the water, there ſhould be any ſuch forcible compreſſion made, as 
he takes for granted ? Yet this itſelf is leſs improbable than, ſuppoſing 
the uppermoſt parts of the water to be preſſed together, that preſ- 
ſure ſhou'd be ſufficient to congeal them into ice. So bold and un- 
likely an aſſertion ſhould at leaſt have been countenanced by ſome 
plauſible reaſon, or parallel example. For I remember no inſtance, . 
wherein any degree of compreſſion, that has been employ'd, much 
leſs fo Night an one as this muſt be, confidering the cauſes whence 
tis ſaid to proceed, can harden any liquor into ice. By filling a 
pewter veſſel with water, and when 'tis exactly clos'd, compreſſing 
it by blows of a hammer, till the water be reduc'd to penetrate 
the very pewter, we found not that ſo violent a compreſſion gave 
the water the leaſt diſpoſition to become a hard body. And as for 
the way Mr. Hobbs advances of increaſing the thickneſs of ice, *tis 
very difficult to conceive, how a cake of ice on the top of the wa- 
ter, being hard frozen to the ſides of the containing veſſel, and there- 
by ſeparating the included water and the external air, the wind that 
cannot come to touch the water, becauſe of the interpoſition of the 
hard and rigid ice, ſhould yet be able, ſometimes at the depth of ten 
feet, or more, to beat upon the ſubjacent water, and turn it into ice. 
And it is yet more difficult to conceive, how the wind muſt do all 
this, when, as we lately noted, the water very often gradually freezes 
downwards, to a great depth, in places where the wind cannot come 
at all. And as to what Mr. H:bbs further teaches, that the ice muſt 
contain many particles of the air receiv'd into it, we have formerly 
ſhewn, how erroneouſly he diſcourſes about thoſe icy bubbles. 

The reaſon he aſſigns of the freezing of water with ſnow and ſalt, 
is as little ſatisfa&ory as the reſt of his theory. He affirms, without 
proving it, that ſnow and ſalt have in them a great deal of air; 
and very precariouſly aſſerts, that this air muſt needs be preſt out 
every way in wind, and ſo rake the fides of the veſſel: *tis ſtrange, 
that far more diligent obſervers than Mr. Hobbs, ſhould take no 
notice of any ſuch wind, if any ſuch wind there were. But this“ is 
yet leſs ſtrange than that, this wind muſt io rake the ſides of the 


veſſel, 
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pursics. Veſſel, as to make the veſſel by the ſame motion and action congeal 
the water within it. For what affinity is there between a wind, paſ- 


ſing along the outſide of a glaſs, altogether 1mpervious to it, and 
the turning a fluid body, included in that glaſs, into a hard and brit- 
tle one? The wind, indeed, may perhaps, if it be ſtrong, a little ſhake 
or agitate the particles that compoſe the glaſs, and thoſe may com- 
municate ſome of their motion to the contiguous parts of the water; 
but why all this muſt amount to the turning of that water into ice, 
is more, I confeſs, by far, than I can apprehend. Tho” you long blow 
upon a glaſs of water with a pair of bellows, where there is not an 
imaginary wind, like Mr. Hobbs's, but a. real and manifeſt one; yet the 
water will be 1o far from freezing, that it will ſcarce be cool'd. And 
if ſea- ſalt contain ſo much air, by virtue of which, it, as well as the 
ſhow, produces ſo intenſe a degree of cold; how chance that, being diſ- 
ſolv'd in a little water without ſnow, it does not produce a conſider- 
able degree of cold? Beſides, in the experiment we made of freezing 
water up in ſeal'd bubbles; tho' the bubbles were ſuſpended in other 
glaſſes, whoſe ſides no where touched them, and the remaining part 
of whoſe cavities were filld, ſome with air, and ſome with unconge- 
lable liquors ; what likelihood is there, that Mr. Hobbs's inſenſible wind 
ſhould be able to occaſion ſo many ſucceſſive rakings thro” different 
bodies, as there muſt be, to propagate the congealing motion of the 
wind, thro” the firſt glaſs, to the included air or liquor, and thro? that 
new medium to the glaſs immediately containing the water, and thro? 
that to the innermoſt parts of the water ſeal'd up? It might be fur- 
ther objected, if it were worth while, that Mr. Hobbs does not ſo much 
as offer at a reaſon, why ſpirit of wine, Aqua fortis, or even brine, if 
it be of the ſtrongeſt ſort, are not either by this mixture, or (here 
in England) by the wind in the open air, turn'd into ice. | 
The reaſon why cold is more remiſs in rainy or cloudy weather, 
than in that which is more clear, ſeems to be no better aſſign'd by 
Mr. Hobbs, than by others who have written before him: for I have 
ſeen great and laſting froſts in cloudy, and ſometimes very dark wea- 
ther: and what he talks of the wind's being more ſtrong in clear wea- 
ther, than in cloudy, is of no great importance ; ſince common expe- 
rience ſhews, that in clear weather the air may be very cold, and the 
froſt very great, where no wind is felt to rake, as he would have it, 
the ſurface of the earth. Nor does experience bear witneſs to what 
he raſhly pronounces, that the leſs is the wind, the leſs the cold. 
There are but two phenomena more, which Mr. Hobbs here pretends 
to explain: the one is, that in deep wells the water freezes not ſo 
much, as upon the ſurface of the earth. But Mr. Hobbs has not right- 
ly aſſigned this, to the wind's entring more or leſs into the earth, by 
reaſon of the laxity of its parts; ſince it is very improbable, that the 
wind ſhould not, as he ſays it does not, loſe much of its force b 
entring into the earth at its pores, and other leſſer cavities, to ſo 
great 
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great a depth as water lies in ſeveral wells, ſubje& to freezing: be- Parsrcs. 
ſides, experience teaches us, that wells may be frozen, tho their LPR 


mouths be well covered, and the wind thereby kept from approach- 
ing near the included water; and very many wells, that are ſub- 
je& to freeze, when northerly and eaſterly winds reign, will like- 
wiſe be frozen in very cold winters, whether any winds blow, or 
not. 

The laſt phenomenon Mr. Hobbs attempts to ſolve, is that of ice 
being lighter than water. The cauſe whereof, ſays he, is manifeſt 
from what I have already ſhewn ; namely, that the air is receiv'd in, 
and mixed with the particles of the water whilft congealing. But 
that this is not the true reaſon, may be argued from hence, that if 
a conveniently ſhap'd glaſs-veſſel be quite fill'd with water, and expos'd, 
either unſeal'd or ſeal'd, to r the ice will contain numerous 
bubbles, which, at leaſt in the ſeal'd veſſel, cannot by Mr. Hobbs, (who 
will not ſay that glaſs is pervious to the air) be pretended to proceed 
from bubbles, that got from without into the water, whilſt it was 
congealing. And we have manifeſted, by particular experiments pur- 
polely made, how little of air there 1s, even in thoſe bubbles that are 
generated in ice, made in veſſels, where the air was not kept from the 
water. 

Thus we have ſeen, that moſt of the particulars advanced in 
Mr. Hobbs's theory of cold, are either precarious or erroneous; and 
were they. neither, yet the whole would, I fear, prove very inſufficient. 
For this learned author has paſt by far the greateſt part even of the 
more obvious phenomena of cold, without attempting to explain them, 
or to ſhew, ſo much as in a general way, that he had conſider'd them, 


and thought them explicable by his hypotheſis. 
. 


XXVII. 8 
2, 7 


I will not undertake to prove the nature of cold to be privative, but ; 7 
e a poſitive, 
are not concluſive. Tis ſaid in the firſt place, that if cold be but a _ 


think it eaſy to ſhew, that the arguments produced for its being poſitive, 


privation, it cannot be the object of ſenſe. To clear this, I muſt obſerve 
ſomething about ſenſation in general. That then which produces in the 
mind thoſe perceptions, which we call ſenſations of outward objetts, is 
the local motion, cauſed by means of their action, upon the outward 
organs, in ſome internal part of the brain, to which the nerves belong- 
ing to thoſe organs correſpond; and the diverſity of ſenſations may 
be referr'd to the different modifications of thoſe internal motions of 
the brain, either according to their greater or leſs celerity, or other 
circumſtances; as we ſee in the variety of ſounds, ſome whereof are 
grave, ſome ſharp, ſome harmonious and pleaſant, ſome jarring and 
offenſive; yet all of them proceed from the variations of thoſe im- 
pulſes, which the air, put into motion by ſonorous bodies, gives 1 — 


— — — 
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NY the ear. As the air then is differently affected by a very grave ſound, 
and a very acute one; tho the former proceed from the want of that 


celerity of motion in its undulations, which is to be found in the 
latter; whence it approaches the nature of reſt; ſo in the organ of 


feel; rception may be produced upon the contact of a cold body, 
cis Bm op from that which is cauſed by the contact of a hot 
one: and this, tho' the thing perceived, and by us called coldneſs, 
conſiſts but in a leſs agitation of the parts of the cold body, than of 
thoſe of the hot one, in reſpect to our organs of feeling. And fince 
it is manifeſt, that bodies communicate their motion to thoſe they 
happen to att upon, and loſe of their own by ſuch communication ; 
if a man take a piece of ice in his hand, the agitation of the par- 
ticles of the organ, will be communicated to the corpuſcles of the 
ice, which, upon that account, quickly begins to thaw ; and the con- 
tiguous parts of the hand, loſing of the motion acquired by the ice, 
there needs nothing elſe to leſſen the agitation they had before: and 
no more than this decreaſe of agitation is required, to occaſion in the 
mind ſuch a new and different perception, as men have tacitly agreed 
to call coldnels. | 

is farther obſervable, that the organs may be ſo accuſtomed to 
be affected after a certain manner by thoſe external objects, whoſe 
operation on them is very familiar, that the privation, or bare dimi- 
nution of the wonted operation, leaves their parts in a different diſ- 
poſition from what they were in formerly; which change in the 
organ will be attended with a perception of it in the mind. Thus, 
tho' darkneſs be confeſſedly a privation of light, and the degrees of 


it, gradual diminutions of light ; yet the perceptive faculty, by means 


of the eye, may well be ſaid to perceive both light and darkneſs ; that 
is, both a poſitive thing, and the privation of it. And it is obvious, 
that the motion of a ſhadow, or a gradual privation of light, is 
plainly, and without difficulty, diſcoverable by the eye. And to ſhew, 
that there is on theſe occaſions an apparent change made in the organ 
of viſion, we need but deſire a perſon in the day-time, to look towards 
an enlightned window, and then towards an obſcure part of the room; 
ſince when he does the latter, for want of ſuch a degree of light as 
before came in at the pupil, that circle will grow manifeſtly larger. 
Thus, when a man comes out of the ſun-ſhine, (where the pupil contracts, 
to ſhut out an exceſſive light, which would be offenſive to the organ,) 


into a darkned room; it will be ſome time before he can clearly ſee 


others there, whoſe pupils have had time to be ſo inlarged, as to let 
in light enough to render objects viſible to them, which are not ſo 


to him, whoſe pupils are yet contracted by the light they were juſt 
before expos'd to. | 


The next argument to be conſider'd is this. When we put our 


bands into cold running water, in the winter ſeaſon, the cold we per- 


ceive therein cannot be called a mere privation; and there is a great dif- 
| ference 
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ference between feeling water cold, and the feeling of it not hot: but Paysrcs; 


ſuppoſing the ſame water to be frozen, *twill doubtleſs then feel 
colder; and will any one ſay, that this is nothing but to feel it leſs hot? 
But it was not hot before, how, therefore, could it become leſs hot ? 
To this we reply, that the organs of ſenſe, conſider'd in themſelves, 
only receive impreſſions from outward objects, but perceive not what 
is the cauſe and manner of thoſe impreſſions ; the proper perception 
of cauſes belonging to a ſuperior faculty, which judges whence the 
alterations made in the organs do proceed. Thus the eye repreſents 
a ſtrait ſtick, part of it being under water, as if it were crooked ; and 
two fingers laid croſs one another, repreſent a ſingle bullet roll'd 
between them, as if there were two; ſo that it is very poſſible, tho” 
the organ be manifeſtly and vehemently affected by the contact of 
cold water, yet the cauſe of that impreſſion may, by reaſon, be judged 
to differ from that which the ſenſe =—_ to an inconſiderate perſon 
ſuggeſt. We muſt conſider next, that ſenſations may, in ſeveral caſes, 
be made, as well from alterations happening in the internal parts of 
the body, as from thoſe which are manifeſtly produced in the exter- 
nal organ, by external objects; as appears by hunger, thirſt, the 
reat coldneſs that hyſterical women complain of, in their head and 

ack, and the troubleſome cold which we every day obſerve, upon 

the firſt invaſion of the fits of agues. I obſerve then, that tho' in a 
reſpective ſenſe, the water, wherein the objection ſuppoſes the hand to be 
plunged, be cold, in regard its parts are leſs agitated than the ſpirits 
and blood in the hand; yet, in a philoſophical ſenſe, it is not quite 
deſtitute of heat, ſince it is yet water, not ice, and would not be a 
liquor, but by reaſon of that various agitation of its minute parts, 
wherein fluidity conſiſts. Upon account of this reſpective coldneſs of 
the water, the hand is cooled; for the ſpirits and juices of that 
organ, meeting in the water with particles much leſs agitated than 
themſelves, communicate to them ſome part of their own agitation, 
which they thereby loſe ; whence ſuch a change is made in the organ, 
and in ſome other parts of the body, as is perceived by the mind, 
under the notion of coldneſs; being, indeed, an internal perception of 
the change happening in the organ. And if the water, wherein the 
hand is plunged, comes to be more cooled than before, the ſpirits, 
blood, and other parts of the hand, finding the aqueous corpulcles 
more ſlowly moved than formerly, muſt, according to the laws of 
motion, transfer to them a greater meaſure of their own motion, 
and, conſequently, come themſelves to be deprived of it: and upon this 
increaſe of the ſlowneſs of motion in the parts of the hand, there 
follows a new and proportionable perception of the mind, and ſo a 
more vehement ſenſation of cold. If then it be remembred, that 
upon turning one's eye to the dark part of a room, leſs enlightned 
than the window, tho? darkneſs be but a privation, and tho' the ob- 
ſcurity of that part be not abſolute, but conſiſts only in a leſs degree 
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of light; yet the action of the ſpirits, and other parts of the body, 
is ſo changed, upon occaſion of the light's acting more faintly upon 
the organ than before, that the pupil is immediately and manifeſtly 
dilated; it will be no wonder, that where not only the ſpirits, but the 
blood, which circulates thro' the whole body, is diſaffected, a great 
alteration ſhould be felt in the hand, immediately expoſed to the 
action of the cold water. , 

It might ſtill be urged, that if cold be but a privation of heat, it 
is a privation of a ſtrange nature; fince it may be introduced into 
bodies, which were not hot before; nay, in ſome caſes, into ſuch as 
are naturally cold; and, by conſequence, muſt have been put into a 
preternatural ſtate, to be at any time hot. But fince fluidity conſiſts 
in the various agitation of the inſenſible corpuſcles of a liquor, and 
heat in a tumultuary, and more vehement agitation of the inſen- 
fible parts of a body; whence hot water ſcarce differs otherwiſe 
than gradually, from that which is cold to the ſenſe; if cold be phi- 
loſophically conſider'd, it may well be ſaid, that as long as water 
retains the form of water, and ſo continues a fluid body, tho? it may 
be very cold to the touch, yet it is not abſolutely or perfectly cold; 
and, therefore, is capable of a farther degree of coldneſs, which it 
receives when brought to congelation; for till then, it was not deſti- 
tute of thoſe active corpuſcles, requiſite to keep it fluid; and till then, 
it was not abſolutely or perfectly cold. Nor is it every glaciation 
itſelf, which brings liquors to be perfectly cold, in the philoſophical 
ſenſe of the word, ſo as quite to expel or ſubdue all the agile parti- 
cles which were in the water, before it was turn'd into ice. For to 
effect this change, it is ſufficient, that ſo many of theſe reſtleſs particles 
be deſtroyed or diſabled, that there remain not enow of them to 
keep the water in a ſtate of fluidity; ſo that the ſurplus may yet 
continue in the frozen liquor, and whilſt there, perform ſeveral 
things; and by their receſs, the ice may grow yet more cold. This 
notion ſuits very well with the different degrees of hardneſs obſervable 
in different portions of ice, ſometimes upon account of the different 
degrees of cold in the ſame water or other ſubſtance. Thus having 
put a ſealed thermometer into a glaſs, broader- at the top than at 
the bottom, and oiled the infide, that the ice might not ſtrongly 
ſick to it, we poured in water, more than ſufficient to cover the ball 
of the thermometer; then the water being carefully frozen, we ob- 
ſerv'd where the ſpirit reſted; and the inftrument and ice being 
afterwards removed into- the open air of a very froſty morning, the ice 
was taken from the ball; when preſently the ſpirit ſubſided conſide- 
rably below the former mark : which proves, that a degree of cold, 
ſufficient to freeze water, may not render a body perfectly cold; this 
ice itſelf keeping the included ball warm, by fencing off the air, which 
at that time was confiderably colder: than it. And there is no ſuffi- 
cient cauſe aſſign'd, why many things, reckoned among privations, or 

| nega- 
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negations, by the Peripatetics, as cold is by the Epicureans, may not 
admit of degrees no leſs than deafneſs, 33 Ce. Thus in a 2 . 


total eclipſe of the moon, when the earth, interpoſing between th 
ſun and her, has firſt obſcured her only in I gens . — — 
plain of darkneſs in the air; but when the interpoſed earth proceeds 
to cover the remaining parts, and ſo makes the eclipſe total, the dark- 
neſs alſo is ſaid to be much increaſed. 

But if it be farther demanded, how a privation, or diminution of 
motion, can produce the effects we daily fee produced by cold in the 
bodies about us; I do vot pretend, that either an abſolute privation 
of motion in a body, or a ſlowneſs of motion in the parts of it, is 
the proper efficient cauſe of the effects, vulgarly aſcribed to cold 
alone : for cold 1s rather the occaſion, than the true efficient of ſuch 
effects, which are properly aſcribed to thoſe phyſical agents, whoſe 
operations happen to be otherwiſe modified, than elſe they would 
have been, upon account of that diminution, or flackneſs of agitation, 
which they meet with in cold bodies; whence they are both them- 
ſelves deprived of the agitation they communicate to ſuch flow bodies, 
and thereby a& no longer as they would, were it not for that loſs: 
and by a natural conſequence of this change, which is made in them- 
ſelves, they alſo modify the action of other bodies upon them: from 
which unuſual alterations, happening in a world ſo framed as this of 
ours, and governed by ſuch laws, with regard to motion and reſt, as 
are obſerv'd amongſt bodies; there muſt, in all probability, reſult 
many new, and ſome of them conſiderable phenomena. For tho” bodies 
at reſt ſeem to have no action, which among corporeal ſubſtances 
appears to be performed only by local motion; yet bodies at reſt them- 
ſelves, may concur to great effects, both by determining the motions 
of other bodies, or by receiving their motion totally, or in part, and 
ſo depriving the moving bodies of it. Thus the arches of a bridge, 
tho' immoveable themſelves, may, by guiding the water of the river 
which beats againſt them, occaſion a rapid and boiſterous ſtream, able 
to drive the greateſt mills, and perform more conſiderable effects, tho? 
the river, before it met with ſuch obſtacles, ran calmly. And tho' 
water has its parts in perpetual motion among themſelves, yet ſince 
that agitation is exceeding flow, in compariſon of the ſwiftneſs of a 
cannon-bullet ; ſuch a bullet diſcharged but little above the level of 
water, often rebounds from the ſurface of it; and, conſequently, from 
thence receives a new determination, Thus, farther, ſuppoſe upon a 
ſtream there were built many different mills, and the current was b 
ſome contrivance diverted another way; muſt not the action of 
theſe mills neceſſarily ceaſe too, tho' this change be not produced by any 
poſitive and direct violence offer'd to the mills, but only by preventing 
the impulſe, requiſite to keep them in motion? In paralytic affections, 
where a viſcous humour obſtrutts a nerve, tho' its proper and immediate 
action be only to hinder or weaken the ſpirits, which paſs'd freely 
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pursics. along that nerve to the muſcle, whereto it leads; yet the action of 
the other parts of the body, and the relaxation of the fibres, often 


produce a tremulous motion in the limbs, and diſtortion of ſeveral 
parts. But it comes up much nearer to our purpoſe, that animals 
dye in the exhauſted receiver, merely by a privation of air, in a ve 
few minutes, without the intervention of any poſitive agent. To ſum 
up the reſult of theſe inſtances, it appears, that the effects undeſery- 
edly aſcribed to cold, need not to be referred to a privation, but to 
thoſe poſitive agents, or active cauſes, which by their own nature are 
determined to act otherwiſe on, or ſuffer otherwiſe from one another, 
in caſes where there is a great hindrance, or ceſſation of the uſual 
motion, than where there is not. 

Tis farther argued againſt us, that ſuppoſing the hand plunged firſt 
into hot water, and then into cold, why is it not cooled as well in one 
caſe, as in the other? Is it becauſe the heat of the hand ſhrinks in- 
ward in the cold water, and therefore the hand is left leſs hot? But 
what has heat to fear in the cold water, unleſs it be cold? Now if 
cold be only a privation, what can it do to heat? A privation is no- 
thing, and therefore cannot affect its motion. This objection, indeed, 
_— puzzle ſome ſchool-philoſophers, but may be thus anſwer'd. 
When a man puts his hand into warm water, the agitation of the 
corpuſcles of the liquor ſurpaſſing that of the ſpirits, bl and 
other parts of his hand, cannot but excite in him a ſenſe of heat ; 
but when he puts the ſame hand into cold water, the caſe ought to 
be much altered, not from any imaginary retreat of the ſpirits, but the 
communication of motion by other parts to the ſurrounding water, by 
which means there muſt happen in the- hand a- great decreaſe of the 
former agitation of its parts; the | rom wor or ſenſe of which decreaſe 
of motion is that which we call feeling of cold. 

There is another argument, drawn from the way of artificially 
freezing water, by a mixture of ſnow and ſalt, placed about the 
outſide of the glaſs, containing the liquor ; whence *tis concluded, 
that, ſince this mixture is thro* the glaſs able to freeze the water 
into ice, it may as juſtly be affirmed to act by corpuſcles of cold, as 
fire can be ſaid to act by calorific corpuſcles, when kindled coals, 
Placed on the outfide of the glaſs, make. the contained liquor boil. 
This, indeed, ſeems very plauſible, but not clear and cogent ; for it is 
not ſo evident, that ice and falt a& by a 1 quality, as that 
burning coals do ſo; tho cold ſeems as well to be produced by the 
former, as heat by the latter. Innumerable experiments ſhew, that 
heat is a poſitive quality, conſiſting in a tumultuary and ve- 
hement agitation of the minute parts of the body, ſaid to be hot, 
and producing alſo in the bodies, whereto it is communicated, 
a local motion, which is manifeſtly a poſitive thing; and by the 
confeſſion of nature herſelf, in many inſtances, heat is a poſitive 
quality: but that cold is ſo, doth not appear even by artificial 
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congelation. For all that is clear in the matter of fact, is, that ſhow, Phvsics. 
or beaten ice, and ſalt, are put about a veſſel full of water, and that 


foon after, this water begins to turn into ice; but that this glacia- 
tion is performed by ſwarms of atoms of cold, which permeating the 
glaſs, invade and harden the liquor, is not perceived by ſenſe, but 
concluded from reaſon. So t if another intelligible way can 
be propoſed, fairly to explain the phenomenon, beſides that, the ob- 
jection drawn from this experiment againſt my hypotheſis, will be in- 
valid. And ſuch an explanation M. Des-Cartes affords us: the ſubtile 
matter, ſays he, which ſurrounds this water, being more groſs, and 
conſequently more forcible than that which ftuck about the parts 
of the ſnow, poſſeſſes its place, whilſt the parts of the ſnow roll about 
the parts of the ſalt in the act of diſſolution; for it moves more ea-- 
fily thro' the pores of ſalt water than of freſh, conſtantly endeavour- 
ing to paſs from 6ne body to another, in order to come where its 
motion may be the leaſt reſiſted; whence the more ſubtile matter 
goes from the ſnow into the water, to ſucceed that which went out 
there; and being unable to continue the agitation of the water, ſuf- 
fers it to congeal. And this bears analogy to the practice of drying 
recipitates upon brown paper, or pieces of brick, or chalk z which 
ſten the exſiccation of the things laid upon them, not by any 
arying particles they emit into the ſoft ſubſtances, but by imbibing 
the ſuperfluous parts of the liquor of the ſubſtances to be dried. 
Thus I have immerſed a piece of ſoft bread into an actually cold li- 
quor, that would haſtily imbibe its aqueous corpuſcles, and dry it, in 


a minute or two, ſo as to make it feel hard. And by putting into 


weak ſpirit of wine a ſufficient quantity of ſalt of tartar, the ſpirit 
will be dephlegmed without diſtillation, or ſo much as heat; which 
the better illuſtrates the Carteſian explanation; becauſe, by the 
change made of the greater part of the falt of tartar” into a 
liquor, which will not mix with the ſpirit of wine thus rectified, 
it is manifeſt, that the aqueous particles of the weak ſpirit, more 
readily continuing their motion among the fixed corpuſcles of the 
falt, than the vinous ones of the ſpirit, they paſs into the alkali, and 
diſſolve it; and thereby deſert the liquor, thro' which they were be- 
fore diffuſed. And there is another faline body, which ſo unites with 
water, as not to be, by the eye, diſtinguiſhed from it, yet it 1s of 
fuch a texture, that water will forſake this body- it kept in agitation, 
to paſs into ſpirit of wine, and ſo leave that, which it kept in the 
form of a liquor before, to appear in the form of a conſiſtent body; 
which comes nearer the propoſed experiment of glaciation. But this 
is yet farther illuſtrated by the fuſion of camphire into a liquid, with 
the ſteam only of Aqua fortis, or ſpirit of nitre, and the recovery of 
its conſiſtence, by pouring common water to it ; for that theſe ſpirits 
are not ſenſibly warm (no more than the Carteſian materia celeftis) in 
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Parsics. water, is manifeſt to the touch. And tho? I at firſt ſuſpected, that 
the reaſon why pouring this oil into water, preſently reduces it to 
camphire again, might be the coldneſs of the water; I afterwards found 
it rather owing to the nitrous ſpirits being diſpoſed to paſs out of 
the oil mto the water, whilſt the liquor readily imbibed and diluted 
them, and conſequently diſabled ſo many of them, that thoſe which 
remained, could not any longer perform their office; ſince the reducti- 
on of the oil into camphire would preſently be made, tho? that li- 
quor were not poured into cold water but hot: ſo that the agitation, 
which it received from the particles of the menſtruum, tho* not to 
the touch ſenſibly warm, was much more efficacious, than that it re- 
ceived from the heat of the water. There may alſo be corpuſcles of 
ſuch a nature, in their fize, ſhape, and other attributes, as to be fit to 
enter the pores, and pierce even into the inward parts of water, and 
ſome other bodies, ſo as to expel the calorific corpuſcles they chance 
to meet with, or to clog, or hinder their activity, or, on ſome other 
account, conſiderably leſſen that agitation of the minute parts, by 
which the fluidity of liquors, and the warmth of other bodies is main- 
tained. But, even in ſuch caſes, tho' the agent and the actions, which 
produce coldneſs, are poſitive things; yet the nature of coldneſs itſelf 
may conſiſt in a privation. Thus, when a man is killed by a bullet, 
his death is effected by a poſitive, and even impetuous action; yet 
death itſelf is but a privation of life. If alſo in a dark room, a man 
caſt cold water upon a burning coal; tho' the water acts by its poſi- 
tive quality of moiſture, and, by virtue of that, extinguiſhes the fire, 
and ſo deſtroys the light; yet the darkneſs, conſequent upon this acti- 

on, is not a poſitive thing, but*a privation. | 
The laſt argument that remains to be conſider'd is this. Tho? many 
things ſeem to grow cold upon the bare abſence of heat, yet unleſs an ex- 
ternal cold be introduced into them, they do not ſo properly grow cold, 
as loſe a degree of heat. Thus a ſtone, or a piece of wood, which we 
ſuppoſe neither cold nor hot, will become hot when applied to the fire; 
but when that heat ceaſes, and nothing cold is near them, we may pro- 
perly ſay they are become leſs hot, and return to their own ſtate, 
not that they grow cold. But this ſeems to be a diſpute about 

words. If we ſpeak. only of a coldneſs as to ſenſe, I ſee not why 

body, that is heated by the fire, may not upon its removal thence 
be {aid to grow cold, and not barely to loſe its heat. For the ſenſi. 
ble coldneſs of water, conſiſting in a diminution of the motion of its 
corpuſcles, that ceaſe to be as much agitated, as thoſe of our or- 
gans of feeling; if this impaired agitation be ſtill more leſſened, the 
liquor will ſtill grow colder, without the help of any poſitive cauſe, 
till at length the agile parts, which kept it fluid, being quite expelled, 
or diſabled, the form of the liquor comes to be exchanged for that 
of ice. To that part of the argument, which propoſes an indiffer- 
ent 
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ent body, that, when affected with an adventitious heat, would not Payscs. 
grow cold by the bare removal, or ceſſation of that heat, unleſs it CG" WR 


were cold by an agent, poſitively and actively cold; we reply, that 
it is one thing to propoſe ſuch a neutral body, as a poſſible thing; 
and another to give inſtances of it, in particular bodies, wherein that 
neutrality is not to be found. But if a body ſhould be propoſed as 
adiaphorous with regard to heat and cold, I might ſay, that if ſuch 
an one ſhould be carried into a hot place, it might there grow warm; 
and if removed back again, and kept till it loſt that new adventitious 
heat, it might rather be ſaid to loſe its heat, than grow cold, as to 
ſenſe. The reaſon is, becauſe every diminution of heat, cannot de- 
nominate a body cold, but only ſuch a degree as reduces the parts 
of it to a fainter motion, than is at that time in thoſe of our organs 
of feeling; and till this is done, the body propoſed is ftill in a 
ftate of heat, as to ſenſe; tho? in regard of other bodies, it may 
then be naturally cold. Thus lead, which hath but heat enough to 
keep it in fuſion, may, by the pouring on of ſuch water, as to a man's 
hand would feel hot, be brought to grow hard ; which loſs of fluidity 
is alſo the natural effect of cold, tho' perhaps both the metal and 
the liquor be yet, as to ſenſe, conſiderably hot. So that this 
controverſy ſeems to be rather verbal than real, and may be deter- 
— 4 by ſettling the diſtin acceptation of the words cold and 

t. | 
But notwithſtanding theſe anſwers to the arguments, all of them 
alledged by the learned Gaſendus, many difficulties remain with me, 

rticularly as to the production of cold, by corpuſcles of cold. I 
Mod be gladly ſatisfied whether, and on what account, thoſe lit- 
tle fragments of matter are cold? Whether thoſe frigorific particles, 
which muſt in multitudes crowd into water, to turn it into ice, have 
gravity or levity, or are indifferent to both? What ſtructure the cor- 
puſcles of cold are of, to make them frigorific to that innumerable va- 
riety of bodies, they are ſaid to pervade ? Whether the frigorific fa- 
culty of theſe corpuſcles may be loſt or not? Whether they are 
primitive bodies; and if not, whether there was no cold in the 
world, before they were produced; and whence that cold could pro- 
ceed ? And laftly, if they are ſaid to be primitive bodies, how it comes 
to paſs, that by putting a certain factitious body actually warm, into 
water, which was alſo warm, there ſhould preſently. enfue an actual 
coldneſs? | 

But there are two grand problems relating to this ſubject, which I 
require to be ſolved. The firſt is, how, upon the mixture of two or 
+hree bodies, there ſhould manifeſtly enſue a great and tumultuary agi- 
{ation of ſmall parts, yet even during this conflict, not any ſenſible 
ljeat, but a conſiderable degree of cold be produced, and that even in 


the internal parts of the mixture ? This might tempt one to ask, _ 
| ther. 
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ther local motion is, in its own nature, a generical thing, which may 
be ſo _diverſified+by: cireumſtances, that one kind of modification of it, 


as it is made in corpuſcles of ſeveral ſizes and ſhapes, may be the 
cauſe of heat, and another that of cold. What gives riſe to this pro- 
blem is, the following experiment. We took two or three ſaline bo- 
dies, each of them purified by the fire, and mixing them together in 
a due proportion, they produced what to the eye appear'd a great ef- 
ferveſcence; but tho? the hiſſing noiſe were laid, and the numerous bub- 
bles ſuddenly generated made the matter apt to over-flow the glaſs, 
if ſmall, or the ingredients haſtily put in; yet even whilſt this ebul- 
lition laſted, the containing glaſs felt extremely cold; ſo that even in 
winter, the outſide of it wou'd be quickly cover'd with large drops 
of dew, gain'd from the external air, which afterwar̃ds uniting, tric- 
kled down by their own weight: and by gradually throwing more of 
the ingredients upon each other, we cou'd prolong the experiment at 
pteaſure, end that at various ſeaſons of the year. And once taking 
two deep glaſſes, I put a quantity of fair water, of the ſame temper 
with the ingredients, in the one, and ſome of our ſaline mixture iuto 
the other; and letting down a thermometer into the water, to acquire 
the temper thereof, I raiſed it up by its ſtring, and placed it in the mix- 
ture that was then hiſſing, and filling its containing veſſel with bub- 
bles, upon which the tinged ſpirit ſubſided from four inches 2, to 
11 inch. Then removing the thermometer into the common water 
again, the fpirit ſoon mounted to above 41 inches. And this I twice 
repeated with the like ſucceſs. So that the coldneſs of this mixture, 
was far from being a deception of the ſenſe, And to ſhew how much 
this ſtrange coldneſs depends upon the peculiar texture of the mix- 
ture, or of its component particles, I took the remaining part of the 
acid liquor that went to compoſe the mixture, and put thereto a con- 
venient quantity of fair water of the ſame temper ; but they ſcarce, 
upon this, ſenſibly differ'd in coldneſs, when examin'd by a good ſeal- 
ed thermometer. Some of the pure ſalt, alſo, uſed in the mixture, 
being added to water in the like manner, gave no manifeſt ſigns of 
an increaſed coldneſs; no more than the glaſs wherein I uſually kept 
a large quantity of our falt : whence the coldneſs of the mixture can- 
not be attributed to either of the ingredients apart, but is a quality 
ariſing from their union. And when I had left ſome of this. mixture 
for a night, in the ſame room with a glaſs of fair water, and a go 
ſealed weather-glaſs; I cou'd not in the following morning, when the 
tumult of the contrary ſalts of the mixture was ceaſed, . any 
conſiderable difference betwixt the coldneſs of that, and of the water. 
And having, inſtead of the ſalt I hitherto employ' d, mix'd ſome of 
the very ftrong ſpirit of this ſalt, and which uſed to come over there- 
with in diſtillation, with a ſpirit drawn for the purpoſe, which ſeem'd 
exaltly like the other I had alſo hitherto uſed, being made wholly 
| | : in 
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in the ſame manner, the mixture of theſe two, inſtead of growing hot, Pursics. 
became warm, and ſuddenly impell'd the ſpirit in the thermometer, LZVYRIY 


from three inches to above eight. And the like contingency I have 
at other times found in making the experiment. On the other hand, 
the ingredients uſed herein, wou'd produce a maniteſt coldneſs, tho 
the ſale were firſt well warmed by the fire. The way of preparing 
theſe liquors and falts, I am obliged to conceal ; but to thew the 
ſame phenomena in a leſs degree, I put to very good falt of tartar, 
a convenient quantity of the ſpirit of vinegar, tho* I am not ſure 
that this will always fucceed. 

My ſecond problem is this, from whence proceeds ſthe vaſt force 
of freezing water? For, reſiſting bodies being to be broke by a 
violent local motion, and cold either conſiſting in, or at leaft be- 
ing accompanied with a privation, or a great diminution of mo- 
tion; it ſeems very difficult to conceive how it ſhould make water 
exert ſo wonderful a force. Gaſſendus indeed teaches, that glaciation 
is performed by the entring of ſwarms of corpuſcles of cold into 
the liquor; but I much doubt this ſolution: ſince theſe atoms of 
cold Gem not to make that expanſion of the water required ; for 
though water will be more refrigerated, as the air grows colder, 
yet till it be brought to an actual glaciation, all the ſwarms of the 
frigorific atoms in it, are ſo far from expanding it, that they more 
and more condenſe it. And even that degree of cold, which deſtroys 
fluidity, tho' it expands water, does not do it merely by the multi- 
tude of the frigorific corpuſcles, which invade the pores of the fluid 
body; ſince pure ſpirit of wine, and almoſt all chymical oils, tho' ex- 
poſed to the ſame degree of cold, that turns water into ice; and, as 
I have tried, to a far greater degree, than is neceſſary for that pur- 
poſe ; will be the more condenſed by thoſe ſwarms of particles. But, 
what is more conſiderable, I have carefully obſerved, that, beſides 
common, or expreſs'd oils, chymical oil of aniſeeds itſelf, being fro- 
zen by an intenſe degree of cold, will not be expanded, but greatly 
condenſed, and accordingly grow {ſpecifically heavier than before. But 
no liquor beſides water will ſwell by cold; nor will water itſelf do ſo 
upon every degree of cold, but only upon ſo great an one, as actually 
turns it into ice: and upon the freezing of water, we may obſerve in 
the ice many bubbles, ſuppoſed to be aerial, intercepted between the 
folid parts: which ſuppoſition, if true, would perhaps raiſe a ſuſpi- 
cion, that the air contained in theſe bubbles might have an intereſt. 
in the phenomenon , ſince I have found by trials, purpoſely made, that 
air gather'd into viſible portions, may exerciſe a confiderable elaſti- 
city, that appeared not, whilſt it was inviſibly difperied in the wa- 
ter. To demonſtrate, that freezing water has actually an expanſive 
force, we ſhall here add an experiment of the ſame nature, with ſome, 
formerly mention'd to the like purpoſe; and more fully repeat two or 
three others, which. were. made to meaſure. this force. 

Vor. I. Aaaaa And. 
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And firſt, I cauſed the barrel of a ſhort gun to have a ſcrew fitted to 
the mouth of it, by which we might eaſily ſtop it, as we did the touch- 
hole after another manner; then filling the barrel with common water, 
and exactly cloſing it by the help of the ſcrew, we laid it in a conveni- 
ent veſſel, where twas encompaſſed with a frigorific mixture of ſnow 
or ice, and ſalt; and in a ſhort time we found the barrel burſt; part 
of the ice appearing along the gaping crack, made in the body of 
the iron by the freezing water. But to meaſure this expanſive force, 

2. We took a ftrong cylinder of braſs, its cavity two inches in dia- 
meter; into this was put a bladder of a convenient ſize, containing a 
quantity of water, ſo that the neck of it being ſtrongly tied, the wa- 
ter might not get out into the cavity of the cylinder, nor be able to 
expand otherwiſe than upwards. Into this cylinder we fitted a wooden 
plug, turned on purpoſe, which was ſomewhat leſs in diameter than 
the cylindrical cavity, that it might riſe and fall eaſily in it. Upon 
the upper part. of this plug was laid a conveniently-ſhaped flat body, 
whereon were placed ſeveral weights to depreſs, and hinder its riſ- 
ing by the expanſion; then a frigorific mixture being applied to the 
cylinder, it appeared, within about half an hours time, (by a circle, 
which had been purpoſely traced on the ſide of the plug, where it 
was almoſt contiguous to the orifice of the cylinder,) that the water 
in the bladder began to expand itſelf; and-in two hours after, the 
circle appeared to have been raiſed near half an inch, notwithſtand- 
ing one hundred and fifteen pound weight, that endeavoured to hin- 
der the aſcent. 

3. At another time uſing the like apparatus, the cylinder be- 
ing 3+; inches in diameter, and in depth four inches, we took out 
the bladder, and found the cylinder of water within it not whol- 
ly frozen, ſome liquid parts appearing about the centre; which li- 
quor, if we had not too ſoon deſiſted from the experiment, might 
probably have raiſed the weights ſomewhat higher. The ice here 
being in length but three inches, and 4; yet fo ſmall a quantity ſuf- 
ficed to raiſe, beſides the board whereon it reſted, an hundred pound 
weight Averdupoize. 

4. We repeated this experiment, and now. the plug raiſed two hun- 
dred and fifty four. pound weight. 
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